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EXECUTIVE  SUMMARY 

As  a  result  of  detailed  pollution  studies  on  the  lower 
Humber  River  from  1982-83  as  part  of  the  Toronto  Area  Water- 
shed Management  Strategy  Study  (TAWMS)  it  became  apparent 
that  violations  of  the  Ministry  of  the  Environment's  (MOE) 
Provincial  Water  Quality  Objectives  (PWQO)  in  the  Humber 
River  occurred  north  of  the  Metropolitan  Toronto  boundary. 
Therefore  in  order  to  address  the  TAWMS  objective  of  re- 
storing water  quality  to  PWQO,  the  incorporation  of  cor- 
rective measures  in  the  Humber  River  north  of  Steeles  Avenue 
was  deemed  necessary  as  part  of  the  overall  strategy. 
Specifically,  exceedances  of  fecal  coliform  bacteria  (FC), 
total  phosphorus  (TP),  total  suspended  solids  (TSS),  lead 
(Pb),  cadmium  (Cd)  and  copper  (Cu)  were  of  concern. 

Accordingly,  in  1984  the  MTRCA  received  a  grant  from  the  MOE 
to  undertake  a  water  quality  study  in  the  Upper  Humber 
watershed.  The  general  objective  was  to  identify  in  more 
detail  the  sources  of  selected  chemical  and  microbiological 
pollutants  in  the  Upper  Humber. 

The  study  consisted  of: 

a  mapping  exercise  to  identify  areas  of  potentially  high 
overland  sediment  delivery  in  rural  areas  of  the  watershed 
using  an  adaptation  of  the  Universal  Soil  Loss  Equation. 

a  series  of  dry  and  wet  weather  surface  water  sampling 
surveys  (Synoptic  Survey,  Dry  Events  1-3,  Wet  Event)  and 
a  bed  sediment  sampling  survey,  both  aimed  at  evaluating 
the  contaminant  contributions  of  Upper  Humber  subbasins. 

a  field  inventory  to  identify  land  use  problems  (eg. 
livestock  access),  point  source  inflows  and  stream  bank 
erosion  sites  impacting  on  watercourses  in  the  Upper 
Humber  watershed. 
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Microbiological  sampling  indicated  widespread  water  quality 
degradation  throughout  the  Upper  Humber  watershed.  Fecal 
coliform  counts  regularly  exceeded  the  PWQO  at  most  sampling 
stations.  Exceedances  were  most  pronounced  during  wet 
weather.  Generally,  wet  weather  FC  exceedances  on  the  West 
Humber  and  East  Humber  Rivers  were  greater  than  those  on  the 
Humber  River. 

Fecal  pollution  in  the  Upper  Humber  watershed  originates 
from  a  combination  of  rural  and  urban  sources.  Even  in  the 
relatively  undeveloped  upper-  reaches  of  the  watershed  FC 
exceedances  were  commonplace.  For  example,  at  station  H-20, 
located  north  of  Highway  9  less  than  10  km  from  the  source 
of  the  Humber  River,  the  PWQO  was  exceeded.  Indications  are 
that,  although  an  area  may  be  largely  undeveloped,  signifi- 
cant local  problems  may  still  exist. 

The  towns  of  Bolton  and  Woodbridge  provide  good  examples  of 
the  effects  of  local  urbanization  in  the  watershed.  Within 
both  communities  there  were  numerous  point  sources,  some  of 
which  were  shown  to  be  potentially  significant  dry  weather 
sources  of  fecal  pollution.  Fecal  coliform  counts  regularly 
increased  through  the  towns. 


During  the  Synoptic  Survey  and  Dry  Event  sampling  the  fre- 
quency and  degree  of  TSS  and  TP  exceedances  were  greatest  in 
the  Humber  River  subbasins  between  Bolton  and  Woodbridge. 
As  well,  these  same  subbasins  (i.e.  H-11,  H-14,  H-15)  contri- 
buted the  greatest  dry  weather  loadings  of  TSS.  These 
subbasins  likewise  had  significant  loadings  of  TP,  however, 
large  increases  in  TP  loading  also  occurred  upstream  within 
the  town  of  Bolton  (i.e.  subbasin  H-9).  Total  suspended 
solids  and  TP  increases  between  Bolton  and  Woodbridge  may 
relate  in  part  to  the  observed  stream  bank  erosion  and 
livestock  access  problems  in  this  area.  Wet  weather  TSS  and 
TP  exceedances  were  more  widespread.  Mean  exceedance  ratios 
were  higher  in  wet  than  in  dry  weather. 
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Copper  concentrations  usually  exceed  PVJQO  throughout  the 
watershed  except  during  Dry  Event  3 .  Lead  concentrations 
rarely  exceed  PWQQ  during  Dry  Events  1  and  3,  however,  in  Dry 
Event  2,  widespread  Pb  exceedances  occurred.  During  wet 
weather  conditions  Pb  concentrations  increased  slightly  and 
exceedances  were  more  common. 

In  contrast  to  trends  noted  for  TSS  and  TP,  spatial  and 
weather-related  differences  in  Cu  and  Pb  concentrations  were 
minimal.  These  results  corroborate  other  studies  which 
indicate  that  significant  inputs  of  Cu  and  Pb  to  watercourses 
can  occur  from  diffuse  atmospheric  sources  (precipitation  and 
dry  fallout)  (Demayo  et  al.  1980,  Demayo  and  Taylor  1981). 
One  possible  exception  to  this  was  subbasin  E-8  which  may  be 
a  source  of  Cu  and  Pb.  The  bed  sediment  sample  from  station 
E-8  had  comparatively  high  concentrations  of  Cu  and  Pb  as 
well  as  the  highest  observed  zinc  concentration. 

Cadmium  exceedances  occurred  at  over  three-quarters  of  the 
sampling  stations  in  in  Dry  Event  2.  No  exceedances  occurred 
during  Dry  Event  3.  Cadmium  concentrations  differed  from 
those  of  Cu  and  Pb  in  that  they  were  slightly  less  uniform 
throughout  the  study  area  and  they  increased  dramatically 
under  wet  conditions.  This  suggests  that  Cd  inputs  to  the 
watercourses  occur  primarily  from  localized  overland  sources 
and  are  facilitated  by  storm  event  runoff. 

The  significance  of  the  West  number's  unique  drainage  basin 
topography  was  apparent  during  event  sampling.  In  summary 
dry  weather,  the  West  Humber  River  had  greatly  reduced  or 
intermittent  flow;  a  tributary,  "Gore  Creek",  contributed  a 
major  portion  of  the  system's  discharge.  In  response  to  the 
prolonged  rainfall  of  the  Wet  Event,  flow  in  the  West  Humber 
River  became  torrential,  with  peak  discharge  rivalling  that 
of  the  Humber  River  at  Woodbridge.  During  the  Wet  Event, 
subbasin  W-6  became  the  major  discharge  and  contaminant 
contributor . 
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As  with  subbasin  W-6 ,  the  H-17  subbasin  took  on  greater 
importance  in  the  Wet  Event.  During  the  Wet  Event,  discharge 
and  chemical  loadings  of  the  Humber  River  increased 
approximately  30%  through  subbasin  H-17.  This  subbasin 
exhibited  no  loading  increases  of  this  magnitude  in  any  of 
the  other  events.  The  reason  for  subbasin  H-17's  increased 
importance  in  the  Wet  Event  may  stem  from  a  combination  of 
factors  related  to  the  degree  of  soil  impermeability  and  the 
extent  of  urban  land  use.  Other  subbasins  (eg.  E-8  on  the 
East  Humber  River)  are  likewise  influenced  by  urbanization. 

The  great  disparity  between  dry  and  wet  weather  outputs  of 
the  West  Humber  drainage  basin  becomes  significant  when 
attempting  to  assess  the  relative  impacts  of  the  West  Humber, 
Humber  and  East  Humber  Rivers  on  the  lower  Humber.  Although 
the  effects  of  Claireville  Reservoir  are  not  fully  known,  it 
is  apparent  that  the  relative  impact  of  the  West  Humber  River 
on  the  lower  Humber  would  be  greater  under  wet  as  opposed  to 
dry  conditions. 

The  decreased  chemical  and  microbiological  concentrations  in 
Dry  Event  3  may  indicate  that  the  importance  of  contaminant 
sources  varies  with  season.  The  late  fall  and  winter  months 
are  characterized  by  reduced  or  absent  livestock  pasturing, 
crop  tillage  and  construction,  frozen  soils  and  stream  banks 
less  susceptible  to  wind  and  water  erosion,  and  precipitation 
which,  instead  of  running  off,  is  stored  on  the  land  as  snow 
until  spring.  All  of  these  would  combine  to  reduce 
contaminant  inputs  to  watercourses  during  this  season. 
Seasonal  factors  also  affect  the  evaluation  of  the  Soil  Loss 
Mapping.  Results  did  not  correspond  well  with  observed 
subbasin  loadings,  due  to  the  significant  contribution  of 
overland  sediment  inputs  during  spring  runoff,  a  period  not 
sampled  in  this  study. 


IX 


A  number  of  recommendations  resulted  from  this  study,  most 
importantly,  that  water  quality  problems  in  the  Upper  Humber 
watershed,  although  not  of  the  magnitude  of  those  occurring 
in  the  lower  Humber  River,  cannot  be  discounted  in  the 
development  of  a  water  management  strategy  if  PWQO  are  to  be 
achieved.  The  implementation  of  pollution  control  measures 
in  the  Upper  Humber  watershed  and  the  achievement  of  at  least 
local  PWQO  compliance  would  be  less  costly  than  the 
initiation  of  control  options  for  the  lower  Humber  River. 

The  study  identified  that  water  quality  problems  in  the  Upper 
Humber  watershed  result  in  significant  localized  water 
quality  degradation.  Of  particular  concern  is  the  loss  of 
public  swimming  facilities  at  Claireviile  Reservoir  (West 
Humber  River)  and  Boyd  Conservation  Area  (East  Humber  River) 
due  to  fecal  contamination.  It  is  suspected  that  these  water 
quality  problems  could  be  abated  through  remedial  measures 
such  as  upsteam  livestock  fencing  and  further  investigation 
and  correction  of  point  source  problems.  It  is  suggested 
that  the  MTRCA  coordinate  such  an  abatement  program  with  MOE 
Central  Region,  the  Ontario  Ministry  of  Agriculture  and  Food 
(OMAF)  and  local  municipalities. 

The  study  also  identified  that  a  more  thorough  investigation 
of  the  behaviour  of  non-conservative  substances  (eg.  FC ,  TP) 
and  of  the  transport  of  pollutants  by  sediment  be  conducted 
in  the  Upper  Humber  watershed  to  determine  the  range  of 
influence  of  these  parameters  on  the  lower  Humber  River. 
Pathways  (eg.  dry  atmospheric  fallout,  precipitation,  ground 
water)  by  which  Cu  and  Pb  enter  the  Humber  River  system 
should  be  investigated. 

More  detailed  information  on  the  significance  of  pollutant 
loadings  during  spring  runoff  and  under  varied  storm 
conditions  would  aid  in  assessing  the  significance  of 
overland  sediment  inputs.  An  evaluation  of  the  relative 
importance  of  stream  bank  erosion,  livestock  access,  and 
identified  point  sources  of  contamination  to  water  quality  is 
needed  to  aid  in  assessing  control  measures. 
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1.   INTRODUCTION 


1 . 0   Introduction 

In  1981  the  Ministry  of  the  Environment  (MOE)  initiated  the 
Toronto  Area  Watershed  Management  Strategy  Study  (TAWMS)  in 
response  to  concerns  expressed  by  the  Metropolitan  Toronto 
and  Region  Conservation  Authority  (MTRCA)  and  its  member 
municipalities  regarding  the  extent  of  water  quality  degra- 
dation in  the  watercourses  and  the  lack  of  information  on 
pollutant  sources  and  remedies. 

The  purpose  of  the  TAWMS  study  is  to  identify  pollutant 
sources  within  the  watersheds  and  develop  a  comprehensive 
water  management  plan  which  incorporates  cost  effective 
measures  for  improving  water  quality,  and  an  implementation 
strategy  which  outlines  agency  responsibilities  and  time 
frames  for  improvement  measures. 

The  five-year  study  emphasized  the  Mimico  Creek,  Humber  and 
Don  River  watersheds  since  these  typify  the  wide  range  of 
water  quality  problems  experienced  by  all  watersheds  within 
the  MTRCA  jurisdiction.  After  an  initial  screening  study  in 
1981,  the  TAWMS  work  schedule  was  to  concentrate  first  on 
the  Humber  River  and  then  develop  strategies  for  the  Don 
River  and  finally  Mimico  Creek. 

Because  of  the  complexity  and  greater  significance  of  urban 
water  quality  problems  and  because  of  funding  restraints, 
the  intensive  study  of  the  Humber  River  in  1982  was  limited 
to  the  watershed  area  within  the  Metropolitan  Toronto  boun- 
daries. The  study  was  again  limited  to  the  lower  Humber 
River  in  1983  when  the  resolution  of  water  quality  problems 
along  the  Metropolitan  Toronto  waterfront  was  added  to  the 
terms  of  reference  for  the  TAWMS  study. 


As  a  result  of  detailed  pollution  studies  on  the  lower 
Humber  River  from  1982-83,  it  became  apparent  that  violations 
of  the  MOE's  Provincial  Water  Quality  Objectives  (PWQO)  in 
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the  Humber  River  occurred  north  of  the  Metropolitan  Toronto 
boundary.  Therefore,  in  order  to  address  the  TAWMS  objective 
of  restoring  water  quality  to  PWQO,  the  incorporation  of  cor- 
rective measures  in  the  Humber  River  north  of  the  Metro- 
politan Toronto  boundary  was  necessary  as  part  of  the  overall 
strategy.  Specifically,  exceedances  of  fecal  coliform  bac- 
teria (FC),  total  phosphorus  (TP),  total  suspended  solids 
(TSS),  lead  (Pb),  cadmium  (Cd)  and  copper  (Cu)  were  of  con- 
cern in  the  upper  Humber  watershed  (TAWMS  1984). 

Accordingly,  in  1984,  the  MTRCA  submitted  a  proposal  to  the 
MOE  and  received  a  grant  to  undertake  a  water  quality  study 
in  the  Upper  Humber  watershed.  The  specific  objectives  of 
this  study  were  as  follows: 

1.  To  evaluate  the  contaminant  contributions  of  Upper 
Humber  River  subbasins  by  sampling  surface  waters 
for  selected  chemical  and  microbiological  parameters 
in  dry  and  wet  weather. 

2.  To  sample  the  bed  sediment  of  these  same  subbasins 
in  order  to  obtain  a  more  historical  perspective  on 
contaminant  contributions. 

3.  To  map  areas  of  potentially  high  overland  sediment 
delivery  in  rural  areas  of  the  watershed  using  an 
adaptation  of  the  Universal  Soil  Loss  Equation. 

4.  To  identify  and  describe  land  use  problems  (e.g. 
livestock  access),  point  source  inflows  and  stream 
bank  erosion  sites  by  inventorying  watercourses  of 
the  Upper  Humber  River  watershed. 


In  the  report,  relationships  are  highlighted  between  con- 
taminant loadings  in  the  watershed  under  dry  and  wet  con- 
ditions, and  problem  areas  identified  during  the  inventorying 
and  mapping  exercises.   Exceedances  of  PWQO  are  also  noted 
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where  they  occur.   Both  the  frequency  and  degree  of  excee- 
dance  at  each  water  quality  sampling  station  are    identified. 


The  report  concludes  with  a  discussion  of  the  significance 
of  identified  problems  to  the  lower  Humber  River. 


2.       METHODS 


2 . 1   Study  Area 

The  study  area  comprises  700  km2  north  of  Steeles  Avenue, 
the  Metropolitan  Toronto  boundary  (Figure  2.1).  The  water- 
shed is  bounded  by  the  communities  of  Oak  Ridges  to  the 
northeast  and  Mono  Mills  to  the  northwest  and  is  formed  of 
three  main  rivers:  the  Humber,  East  and  West  Number  Rivers. 
Within  the  boundaries  of  the  study  area  the  Humber  River  is 
the  largest  of  the  three  with  a  watershed  area  of  346  km2. 
The  East  and  West  Humber  Rivers  have  watershed  areas  of  190 
and  160  km2  respectively. 

The  Humber  River  flows  off  the  Niagara  Escarpment  and  through 
the  hummocky  terrain  of  the  Albion  Hills.  Average  stream 
gradients  exceed  1%  in  the  upper  areas  declining  to  about 
0.25%  south  of  Cedar  Mills.  Between  the  town  of  Bolton  and 
Steeles  Avenue  the  river  has  cut  a  broad  meandering  valley 
through  the  glacial  till  plain. 

The  East  Humber  River  displays  the  gentlest  stream  gradients. 
From  its  source  at  Lake  Wilcox  the  watercourse  flows  with  an 
average  gradient  of  about  0.20%  to  its  confluence  with  the 
Humber  River  at  Woodbridge.  The  river  flows  entirely  through 
the  soft  structured  till  and  Peel  clay  plains  and  has  carved 
a  very  tightly  meandering  path  over  its  55  km  length. 

Relative  to  the  Humber  and  East  Humber  Rivers,  the  West 
Humber  generally  exhibits  less  pronounced  valley  formation. 
This  is  partly  due  to  the  impervious,  less  erodible  nature 
of  the  Peel  clays  over  which  most  of  the  watercourse  flows 
and  the  fairly  level  topography  of  the  surrounding  tableland. 
From  an  initial  elevation  of  about  300  m,  the  watercourse 
flows  with  an  average  stream  gradient  of  0.51%  to  its  con- 
fluence with  the  Humber  River  near  Weston  Road. 


The  study  area  is  predominantly  rural.   The  rural  component 
(including  areas  of  open  space  and  forested  lands)  comprises 
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about  97%  of  the  watershed.  Urban  development  is  primarily 
restricted  to  several  small  communities  found  throughout  the 
study  area  including  Bolton,  Nobleton,  Woodbridge  and  Klein- 
burg  . 


2.2  Surface  Water  Quality 

To  assess  the  relative  pollutant  contributions  of  Upper 
Number  River  subbasins  a  surface  water  quality  monitoring 
network  was  established.  Water  quality  sampling  stations 
were  set  up  at  intervals  along  the  Humber,  East  Number  and 
West  Humber  Rivers,  and  near  the  mou»ths  of  any  major  tribu- 
taries. Land  use  in  the  watershed  was  taken  into  consi- 
deration in  the  selection  of  the  stations.  For  example, 
sampling  stations  were  established  to  evaluate  the  effects 
of  agricultural  versus  forested  subbasins.  Other  stations 
were  located  upstream  and  downstream  of  urbanized  areas  such 
as  the  towns  of  Bolton  and  Woodbridge. 

Synoptic  Survey 

Initially,  30  microbiological  and  30  chemical  stations 
(Figure  2.1,  Table  2.1)  were  sampled  synoptically  to  obtain 
some  indication  of  where  problem  areas  might  exist.  One 
sample  for  chemical  analysis  was  taken  from  each  station  on 
June  20,  1984.  Microbiological  samples  were  taken  daily 
from  each  station  from  June  20  to  22,  1984  inclusive. 

Dry  Event  Sampling 


Event  sampling  stations  were  selected  based  on  the  results 
of  the  synoptic  survey.  Although  several  new  stations  were 
created,  the  total  number  of  sampling  stations  was  reduced 
to  21  for  microbiological  sampling  and  19  for  chemical 
samples  (Figure  2.2,  Table  2.1). 


Table   2 ■ 1  Summary   of    Study   Sampling    Stations. 

(An    "X"    indicates    that    samples   were   taken). 
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Stations    are   ordered    from   source    to   mouth   within   each   branch. 
H    -    Main    Humber    River    station 
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Three  dry  events  were  sampled  between  July  23  and  December 
13,  1984:  Dry  Event  1  from  July  23  to  27,  Dry  Event  2  from 
August  27  to  September  5,  and  Dry  Event  3  from  December  10 
to  13.  Dry  event  sampling  consisted  of  taking  chemical 
samples  daily  for  three  consecutive  days  (four  days  for  Dry 
Event  2),  and  microbiological  samples  daily  for  five  consecu- 
tive days  {four  days  for  Dry  Event  3).  At  least  two  rain- 
free  days  were  necessary  prior  to  initiation  of  dry  event 
sampling.  Once  sampling  for  a  dry  event  had  begun,  however, 
precipitation  could  potentially  interfere  with  the  dry  con- 
ditions. Dry  Event  1  was  completely  free  from  rain.  During 
Dry  Event  2  it  rained  heavily  prior  to  sampling  on  the  third 
day.  Therefore,  sample  days  four  and  five  were  postponed 
until  the  *  fol lowing  week  after  another  two  rain-free  days 
had  passed.  An  extra  day  of  chemical  sampling  was  added  at 
this  time.  Rain  also  occurred  just  prior  to  the  fourth  day 
of  sampling  in  Dry  Event  3.  These  rain  disturbances  were 
taken  into  account  in  interpreting  the  dry  weather  data  as 
outlined  subsequently. 

Stream  Flow  Monitoring 

Six  of  the  chemical  sampling  stations  corresponded  to  the 
locations  of  Water  Survey  of  Canada  (WSC)  stream  flow  gauges 
(Figure  2.2).  For  the  remaining  13  chemistry  stations  staff 
gauges  were  installed  and  stage-discharge  curves  established. 
This  allowed  the  collection  of  discharge  data  concurrent 
with  water  sampling  so  that  estimates  of  instantaneous 
chemical  loadings  could  be  calculated.  Flow  measurements 
were  taken  according  to  the  method  described  by  Onn  (1980) 
using  either  an  OTT  Model  C-31  or  a  Gurley  pygmy-type  (Cata- 
logue Number  625)  flow  meter,  the  choice  of  meters  being 
dependent  on  water  depth  at  the  station.  No  discharge  data 
were  obtained  for  those  stations  where  only  microbiological 
samples  were  collected. 

Wet  Event  Sampling 


Wet  event  sampling  was  undertaken  from  November  11  to  14,1984 
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Th  ree  intense,  short-duration  rainfalls  on  November  9  and  10 
preceded  a  major  rain  storm  which  occurred  from  late  November 
10  to  November  11.  For  most  stations,  water  samples  were 
collected  at  90-minute  intervals  throughout  the  initial 
runoff  event.  Automatic  water  samplers  (ISCO  Model  2100) 
were  employed  for  chemical  sampling  at  stations  H-6,  H- 1 0 ( T )  , 
H-14  and  E-8,  all  of  which  correspond  to  WSC  gauging  sta- 
tions. Chemical  samples  were  taken  hourly  at  these  lo- 
cations . 

The  large  distances  between  sampling  stations  necessitated 
eliminating  microbiological  stations  H-20  and  H-2  from  wet 
evejit  sampling  and  taking  microbiological  samples  at  stations 
H-75  and  H-15  rather  than  at  stations  H-8  and  H-19  respec- 
tively. Chemical  samples  were  not  taken  at  station  E-2 
because  no  reliable  stage-discharge  information  was  available 
for  use  in  loading  calculations.  Microbiological  sampling 
was  added  at  station  E-7(T).  These  adjustments  to  sampling 
are  summarized  in  Table  2.1. 

At  each  gauged  station,  river  stage  was  recorded  on  every 
sampling  occasion  and  a  hydrograph  was  plotted.  This  hydro- 
graphic  information  was  used  to  select  samples  for  analysis 
because,  due  to  budgetary  constraints,  not  all  samples 
collected  could  be  analysed.  For  the  tributary  stations, 
H-4(T),  H-55(T),  H-10(T)  and  E-7(T),  chemical  samples  taken 
throughout  the  initial  runoff  period  were  composited  flow> 
proportionately  (Baun  1982). 

Subsequent  to  the  intensive  sampling,  additional  samples 
were  taken  over  the  next  three  days  as  the  rivers  gradually 
returned  to  near  base-flow  conditions. 

Sample  Analysis 


Water  samples  were  analysed  for  the  parameters  listed  in 
Table  2.2  using  standard  MOE  methods  (MOE  19811.   Parameter 
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Table  2 .2     Water  Quality  Parameters  Tested 

(parameter  abbreviations  are  shown 


in  brackets) 


* 

* 


Conventional  Water  Quality  Parameters 

Total  suspended  solids/Residue  particulate   (TSS) 

Total  dissolved  solids/Residue  filtrate   (TDS) 

Conductivity   (COND) 

Biochemical  oxygen  demand   (BOD) 

Total  phosphorus   (TP) 

Orthophosphate/Fi ltered  reactive  phosphorus   (OP) 

Total  Kjeldahl  nitrogen   (TKN) 

Ammonia  nitrogen   (AMM-N) 

Nitrate   (NOV) 

Nitrite   (NOV) 


Trace  Metals 

Copper   (Cu) 
Lead   (Pb) 
Cadmium   (Cd) 
Zinc   (Zn  j 


•  * 
** 


Microbiological  Parameters 


Fecal  coliforms 
Escher i ch i a  c o 1 i 
Fecal 


M-TEC   (FC) 
M-TEC   (EC) 

streptococcus  M-enterococcus 
Fecal  streptococcus   M-E   (FS  M-E) 
Fecal  streptococcus   K-F   (FS  K-F) 
Pseudomonas  aerug  i  nosa   (PA) 


(FS  M-ENT) 


• 


analysed  for  Synoptic  Survey  only, 
analysed  for  Event  samples  only. 
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selection  was  partially  based  on  the  results  of  a  previous 
TAWMS  study  (TAWMS  1984)  which  reported  exceedances  of  water 
quality  objectives/guidelines  for  fecal  conforms,  total 
phosphorus,  total  suspended  solids,  copper,  lead  and  cadmium 
in  the  Upper  Humber  watershed.  Microbiological  parameters 
were  chosen  with  a  view  to  relating  the  relative  concen- 
trations of  the  parameters  to  identified  sources  of  fecal 
pollution.  As  the  reliability  of  the  traditional  FC:FS  ratio 
(Geldreich  and  Kenner  1969)  for  ascertaining  pollution 
sources  is  questionable,  alternative  methods  of  source 
identification  are  currently  being  investigated  (M.  Young, 
personal  communication).  Microbiological  data  and  associated 
land  use  information  collected  during  the  Upper  Humber  River 
Study  will  contribute  to  these  investigations.  Sample 
analysis  for  Dry  Event  3  was  carried  out  by  the  Laboratory 
Services  and  Applied  Research  Branch  of  the  MOE.  All  other 
samples  were  analysed  at  a  private  laboratory  by  staff 
familiar  with  MOE  analytical  methods.  We  feel  that  some 
discrepancies  in  results  obtained  by  the  two  laboratories 
may  have  occurred,  particularly  in  the  case  of  trace  metals. 


2 . 3   Bed  Sediment  Sampling 

Bed  sediment  analysis  can  provide  a  more  historical  perspec- 
tive on  contaminant  inputs  to  a  watercourse.  To  this  end, 
19  bed  sediment  samples  were  collected  from  November  20  to 
December  3,  1984.  All  sampling  sites  corresponded  to  water 
chemistry  sampling  locations.  At  each  site,  samples  were 
collected  at  river  bends  or  where  decreases  in  water  velocity 
had  permitted  deposition  of  fine  textured  sediments.  Sedi- 
ments were  generally  collected  from  three  spots  across  the 
stream  and  composited. 


All  sampling  locations  were  shallow  enough  to  approach 
wearing  hip  or  chest  waders.  The  samples  were  scraped  from 
the  top  1  to  5  cm  of  sediment  using  a  plastic  scoop  affixed  to 
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a  wooden  handle  to  avoid  metal  contamination.  Each  sample 
was  emptied  into  a  large  freezer  bag  and  frozen  for  later 
analysis.  Samples  were  analysed  for  total  phosphate,  copper, 
lead,  zinc  and  cadmium.  To  ascertain  the  degree  of  physical 
similarity  between  samples  taken  at  different  stations, 
samples  were  fractionated  and  the  percentage  composition  of 
each  particle  size  fraction  was  determined.  Clay  and  silt 
sized  particles  (<0.06  mm,  King  1972)  are  generally  of  most 
importance  because  of  their  mobility  and  ease  of  transpor- 
tation over  considerable  distances  and  their  strong  binding 
properties  with  many  chemical  parameters. 


2 .4   Overland  Sediment  Delivery 

Sediment  loading  from  rural  overland  sources  was  mapped 
using  a  methodology  developed  by  the  Lands  Directorate  at 
the  Canada  Centre  for  Inland  Waters  (CCIW)  (Snell  1984). 
This  methodology,  an  adaptation  of  the  Universal  Soil  Loss 
Equation,  utilizes  a  series  of  map  overlays  to  target  areas 
contributing  significant  overland  sediment  volumes  to  water- 
courses. While  this  technique  does  not  quantify  sediment 
inputs,  it  does  allow  for  the  setting  of  priority  management 
areas . 

The  output  from  this  mapping  technique  includes  three  maps: 

1.  Field  Soil  Loss  -  specifically,  Potential  Average 
Annual  Soil  Loss  from  Rural  Areas,  a  map  classi- 
fying areas  for  their  potential  to  suffer  from 
sheet  and  rill  eros  ion  . 

2.  Field  to  Stream  Delivery  Ratio  -  specifically, 
Terrain  Capability  to  Transport  Sediment  to  a 
Stream,  a  map  classifying  areas  for  their  ability 
to  transport  available  eroded  soil  to  a  watercourse. 


3.   Stream   Sediment   Load 


speci  f  ica 1 ly ,   Priority 
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Management  Areas  for  Diffuse  Source  Sediment  Pol- 
lution, a  map  classifying  areas  with  respect  to  the 
volume  of  sediment  that  is  likely  to  reach  a  water- 
course . 


I 
I 


This  method  of  targeting  overland  sediment  inputs  has  been 
used  extensively  during  the  past  several  years  by  the  Grand 
River,  Lower  Thames  and  Upper  Thames  Valley  Conservation 
Authorities.  The  mapping  formed  an  important  component  of 
the  Stratford-Avon  River  Environmental  Management  Project 
(SAREMP)  conducted  between  1980  and  1982  (Coleman  1982). 
More  recently  this  information  was  utilized  by  the  Task 
Force  organized  to  implement  the  Canada-Ontario  Agreement 
regarding  phosphorus  reduction  to  the  Great  Lakes  (G.  Wall, 
personal  communication). 


2 .5   Field  Inventory 

A  field  inventory  was  conducted  from  June  to  October,  1984 
in  an  effort  to  locate  potential  pollution  sources.  Two- 
person  crews  walked  watercourses  of  the  Upper  Humber  system 
(Figure  2.3),  noting  problem  land  uses  (e.g.  areas  where 
livestock  had  free  access  to  the  watercourse),  point  source 
inflows,  and  stream  bank  erosion  sites.  These  features  were 
described  using  standardized  forms  and  their  locations  were 
indicated  on  topographic  maps  (1:25,000  or  1:50,000  scale). 
An  example  of  the  forms  used  in  the  field,  definitions  of 
standard  features,  and  a  full  description  of  field  methods 
are  presented  in  Appendix  1. 


2 .6   Data  Analysis  and  Presentation 

Dry  Events  2  and  3  were  interrupted  by  rain  disturbances. 
To  compensate  for  this,  Dry  Event  2  was  analysed  as  two 
distinct  portions:    the  normal  dry  portion  consisting  of 
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sample  days  1,  2  and  5,  and  the  wet  portion  consisting  of 
sample  days  3  and  4.  With  the  exception  of  day  5  which 
involved  only  microbiological  sampling,  both  chemical  and 
microbiological  data  were  available  for  each  sampling  day. 
For  Dry  Event  3,  only  the  rain-free  portion  was  analysed; 
sample  day  4,  the  one  wet  day,  was  eliminated.  Complete 
water  quality  data  are  presented  in  Appendix  2. 

Comparisons  to  Water  Quality  Objectives 

Water  quality  data  collected  during  event  sampling  were 
compared  to  Provincial  Water  Quality  Objectives  (MOE  1984). 
If  no  MOE  objectives  or  guidelines  were  available,  a  guide- 
line cited  by  McNeely  et  aj_.  (1979)  was  used,  if  available. 
At  each  sampling  station,  for  each  event,  exceedances  were 
considered  in  two  ways:  first,  the  frequency  with  which 
observed  concentrations  exceeded  objectives  or  guidelines 
was  tabulated,  and,  second,  the  degree  to  which  observed 
concentrations  exceeded  objectives  or  guidelines  was  calcu- 
lated. The  degree  of  exceedance  is  presented  as  a  "mean 
exceedance  ratio".  For  chemical  parameters,  this  was  calcu- 
lated as  the  arithmetic  mean  ratio  of  observed  concentrations 
to  the  given  objective  or  guideline.  For  fecal  coliform 
bacteria  the  water  quality  objective  is  based  on  a  geometric 
mean  of  samples  collected.  Therefore,  the  mean  exceedance 
ratio  for  fecal  colifortns  was  calculated  as  the  ratio  of  the 
observed  geometric  mean  fecal  coliform  count  to  the  objec- 
tive. Note  that  although  mean  ratios  could  be  less  than 
one,  only  mean  ratios  greater  than  or  equal  to  one  are 
presented  in  the  tables. 

Parameter  Correlations 


For  each  sampling  station,  Spearman  rank  correlation  coef- 
ficients were  calculated  using,  firstly,  all  the  dry  weather 
chemical  data  combined  and,  secondly,  the  Wet  Event  chemical 
data.   The  variables  used  in  the  analysis  were  the  concen- 
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trations  of  all  the  chemical  parameters  and  corresponding 
instantaneous  discharge  values. 

Spearman  rank  correlation  coefficients  were  also  determined 

for  the  bed  sediment  data.    The  variables  used  were  the 

chemical  concentrations  and  the  percentage  composition  of 
each  grain  size  category. 

All  correlation  analyses  were  performed  using  SYSTAT  (1984). 

Definition  of  Subbasins 

To  better  determine  the  relative  importance  of  chemical  and 
microbiological  inputs  to  the  watercourse,  a  large  portion 
of  the  data  was  analysed  by  the  use  of  subbasins.  Subbasin 
boundaries  were  defined  by  the  drainage  area  upstream  from 
each  sampling  station.  It  was  initially  intended  that  both 
chemical  and  microbiological  samples  would  be  collected  from 
each  site.  However,  following  the  Synoptic  Survey  it  was 
decided  that  a  shift  of  some  of  the  microbiological  sampling 
stations  would  be  desirable  to  more  closely  bracket  suspected 
problem  areas  such  as  urban  centers.  Therefore,  since  not 
all  parameters  were  sampled  at  each  station,  the  relevant 
subbasin  area  depends  on  whether  all  sampling  stations  are 
considered  (chemical,  chemica  1 /microbiological  and  microbio- 
logical) or  only  those  stations  where  chemistry  samples  were 
taken  (i.e.  chemical  and  chemi ca 1 /microb iolog i ca 1  stations). 
The  subbasin  drainage  areas  have  been  calculated  for  both 
situations  and  are  expressed  in  Table  2.3. 

Study  results  were  interpreted  by  the  use  of  subbasin  sche- 
matic diagrams.  The  diagrams  accurately  depict  the  relative 
lengths  of  the  West  Humber,  East  Humber  and  Humber  Rivers  as 
well  as  the  distances  between  the  sampling  stations.  No 
tributary  lengths  were  shown  when  samples  were  collected  at 
their  confluence  with  the  main  branches  (e.g.  H-4(T),  H- 
10(T)).    The  only  exception  occurred  on  the  West  Humber 
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Table  2.3     Subbasim  Drainage  Areas 

(Indicated  are  the  drainage  areas  formed  between 
each  sampling  station.   Bracketed  areas  "(    )", 
indicate  drainage  areas  between  chemistry  stations 
only )  . 


Subbas  in 
No. 


From        To 
Station  -  Station 


Subbasin  Drainage 
Area  (km2  ) 


H-17 

H-18 

H-15 

H-19 

H-14 

H-11 

H-9 

H-8 

H-75 

H- 10 ( T  ) 

H-6 

H-55(T) 

H-4(T) 

H-20 

H-2 


H-17 

H-18 

H-15 

H-19 

H-14 

H-1  1 

H-9 

H-8 

H-75 


H-18 

H-15 

H-19 

H-14 

H-1  1 

H-9 

H-8 

H-75 

H-6 


H-10  Tributary 

H-6  -   H-20 

H-55  Tributary 

H-4  Tributary 

H-20  -   H-2 

H-2  -   Source 


54.90 

1  .30 

1  .90 

6.70 

13.40 

16.90 

7.30 

4.10 

30.42 

62.60 

16.98 

43.75 

23.30 

36.43 

25.99 


(56.20) 

(8.60) 

(  13.40) 
(16.90) 
(11  .40) 

(30.42) 
(62.60) 
(79.40) 
(43.75) 
(23.30) 


E-8 

E-9 

E-7(T) 

E-6 

E-4 

E-2 


E-8 

- 

E-9 

E-9 

- 

E-6 

E-7 

Trib 

utary 

E-6 

- 

E-4 

E-4 

- 

E-2 

E-2 

- 

Source 

5.40 
13.78 
34.70 
45.60 
30.80 
64.20 


(19.18) 

(34.70) 
(45.60) 
(30.80) 
(64.20) 


W-6 

W-5(T) 
W- 10  (  T 
W-3 
W-2 
W- 15 


W-6     -   W-3 

W-5  Tributary 

W- 10  Tributary 

W-3     -   W-2 
W-2     -   W-15 
W-15   -   Source 


35.59 
37.45 
21  .23 
12.89 
3.10 
32.53 


(51  .58) 
(37.45) 
(21  .23) 


(32.53) 
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where  tributary  samples  were  collected  some  distance  from  the 
confluence  (i.e  W-5(T),  W-10(T)). 

Data  were  depicted  on  four  schematic  diagrams  entitled  "Over- 
land Sediment  Delivery  by  Subbasin",  "Percentage  Land  Use  by 
Subbasin",  "Percentage  Livestock  Access  by  Subbasin"  and 
"Chemical  Loadings  by  Subbasin".  The  only  exceptions  were  in 
the  presentation  of  Point  Source  Inflow  and  Streambank  Erosion 
data.  These  data  were  also  depicted  on  a  subbasin  level  but 
bar  graphs  were  utilized  as  the  method  of  presentation  rather 
than  schematic  diagrams.  All  of  the  above  data  (except 
chemical  loadings)  were  analysed  on  the  basis  of  all  sampling 
stations  since  these  types  of  information  influence  both 
chemical  and  microbiological  concentrations  in  a  watercourse. 
The  schematics  depicting  subbasin  chemical  loadings  were 
obviously  based  only  on  chemistry  stations. 

For  each  of  the  schematics  except  Chemical  Loadings,  the  data 
were  presented  proportionately  on  an  individual  subbasin 
level.  For  example,  the  degree  of  urban  land  use  within 
subbasin  H-9  is  depicted  as  a  percentage  of  the  total  land 
use  within  that  subbasin. 

The  following  points  should  be  considered  when  viewing  the 
schematics : 


1)  The  size  of  any  subbasin  should  be  considered  when 
assessing  its  overall  significance  to  the  watercourse.  For 
example,  in  the  case  of  the  Overland  Sediment  Delivery  sche- 
matic, approximately  15%  of  subbasin  H- 1 0 ( T )  exhibits  a  high 
potential  for  overland  sediment  delivery  while  about  25%  of 
subbasin  H-11,  immediately  downstream,  has  a  high  delivery 
potential.  However,  from  looking  at  Table  2.3  and  Figure  2.4 
it  is  obvious  that  H- 1 0  ( T )  is  the  much  larger  of  the  two 
subbasins.  This  means  that  despite  the  initial  impression 
presented  in  the  schematic,  it  is  subbasin  H- 1 0 ( T )  which 
exhibits  the  greater  amount  of  overland  sediment  delivery  and 
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may  possibly  be  the  more  significant  subbasin  in  that  respect. 

2)  The  subbasin  boundaries  depicted  in  Figure  2.4  are 
formed  by  the  drainage  areas  between  each  sampling  station, 
however,  as  previously  mentioned,  the  relevant  subbasin  area 
is  dependent  on  whether  one  is  interested  in  chemical  or 
microbiological  parameters.  For  example,  consider  the  sub- 
basins  H- 75  and  H-8  above  Bolton  and  subbasin  H-9  immediately 
downstream  of  the  town.  Sampling  stations  H-75  and  H-8  are 
chemistry  and  microbiological  stations  respectively  while 
station  H-9  combines  both  chemical  and  microbiological  sam- 
pling. In  evaluating  the  change  in  chemical  levels  (TSS  for 
example),  through  the  town  of  Bolton  the  pertinent  area  of 
subbasin  H-9  is  the  entire  area  between  sampling  stations 
H-75  and  H-9  (i.e.  11.40  km2).  Station  H-8  is  not  considered 
because  only  microbiological  samples  were  collected  from  that 
site.  When  microbiological  parameters  are  of  interest, 
however,  the  H-9  subbasin  is  reduced  by  4.10  km2  because  of 
the  inclusion  of  station  H-8. 

Subbasin  Chemical  Loadings 


Chemical  loadings  by  subbasin  were  calculated  for  each  event. 
For  the  dry  events,  mean  loadings  for  each  subbasin  were 
calculated  by  averaging  the  daily  instantaneous  loadings  from 
the  water  quality  sampling  station  corresponding  to  that 
subbasin.  Instantaneous  chemical  loadings  (mass  per  unit 
time)  were  calculated  as  the  product  of  the  subbasin  discharge 
at  the  time  of  sampling  and  the  chemical  concentration.  Wet 
event  chemical  loads  were  defined  as  the  total  chemical  mass 
that  flowed  out  of  a  subbasin  during  the  sampled  portion  of 
the  event.  These  loads  were  calculated  from  graphs  of  Wet 
Event  instantaneous  chemical  loadings  versus  time  using  the 
trapezoidal  rule  for  integration  (Riddle  1974).  For  stations 
where  chemical  samples  were  composited,  chemical  loads  were 
calculated  as  the  product  of  the  chemical  concentration  of 
the  composite  and  the  total  volume  of  water  discharged  during 
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the  composite  period.  For  both  dry  and  wet  events  the  chemi- 
cal contributions  (i.e.  discharge  (Q),  TSS,  TP ,  Cu,  Cd )  of 
each  subbasin  are  displayed  on  schematic  diagrams  of  the 
Upper  Humber  watershed. 

Land  Use 

The  proportion  of  various  land  uses  was  determined  for  each 
subbasin  using  an  updated  1:50,000  scale  Land  Use  map  compiled 
by  the  MTRCA  in  1983  (MTRCA  1983).  Land  use  mapping  was 
originally  completed  in  1979  from  a  1:50,000  scale  aerial 
photo  mosaic  using  1978  photographs  (MTRCA  1980). 

Five  land  use  categories  were  differentiated: 

Agricultural  -  Intensively  farmed,  usually  consisting  of 
one  or  more  of  the  following  systems:  monoculture, 
corn,  mixed  grain  or  hay. 

Pasture  -  Associated  with  extensive  or  unconfined  live- 
stock grazing.  There  should  be  minimal  evidence  of 
recent  cultivation. 

Open  Space  -  Generally  refers  to  areas  that  are  presently 
open  and  where  no  development  is  likely  to  occur  (i.e. 
flood  plains,  cemeteries  etc.). 

Forested  -  Includes  natural  and  plantation  forests. 

Urban  -  Includes  commercial  and  industrial  development 
as  well  as  urban  and  rural  residential  areas. 

As  indicated  in  a  previous  section,  these  data  are  presented 
in  a  subbasin  schematic  diagram. 

Overland  Sediment  Delivery 


Only  the  areas  exhibiting  High  overland  sediment  delivery 
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were  relevant  to  this  study.  These  areas  are  depicted  on  a 
1:50,000  scale  map  included  in  the  map  pocket.  The  proportion 
of  each  subbasin  composed  of  these  areas  was  determined. 
These  percentages  are  presented  on  a  schematic  diagram  based 
on  both  chemical  and  microbiological  sampling  stations. 


Field  Inventory 


To  facilitate  comparison  with  water  quality  data,  field 
survey  data  were  summarized  on  the  basis  of  the  subbasins 
defined  by  water  quality  sampling  stations,  both  chemical  and 
microbiological.  Summary  figures  were  prepared  to  highlight 
stream  bank  erosion,  livestock  access,  and  point  source 
i  nf lows . 


3.      RESULTS 
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3 . 1   Synoptic  Survey 

Microbiological  analyses  for  fecal  conforms  indicated 
fairly  widespread  exceedances  of  the  Provincial  Water 
Quality  Objective  of  100  counts/100  mis  (Appendix  2). 
Geometric  mean  densities  ranged  from  40  to  2,113,  occurring 
at  stations  W-8  and  E-8  respectively.  The  geometric  means 
exceeded  the  objective  at  19  of  30  stations.  On  the  West 
Number  and  Humber  Rivers,  exceedances  occurred  at  38%  and 
64%  of  the  sampling  stations  respectively.  All  but  one 
(88%)  of  the  stations  on  the  East  Humber  exceeded  the 
objective.  Escherichia  col  i  densities  closely  paralleled 
those  of  fecal  coliform  bacteria. 

The  Provincial  Water  Quality  Objectives  (MQE  1984}  state 
that  when  pathogenic  organisms  such  as  Pseudomonas  aerug  i  - 
nosa  can  be  enumerated  and  frequently  isolated  from  water, 
a  potential  hea  lth"  hazard  exists.  Geometric  mean  densities 
of  £_;_  aerug  inosa  ranged  from  <2  which  occurred  at  several 
stations  to  12  on  the  West  Humber  at  Highway  7  (W-6)  and  10 
on  the  Humber  River  at  Steeles  Avenue  ( H- 1 7 ) .  The  greatest 
densities  generally  occurred  on  the  Humber  River  south  of 
the  community  of  Kleinburg. 

Based  on  these  results,  some  sampling  stations  were  elimi- 
nated and  others  shifted  to  more  adequately  sample  problem 
areas.  For  example,  the  two  stations  immediately  upstream 
and  downstream  of  Kleinburg  on  the  Humber  River  (H-12  and 
H-13  respectively)  were  eliminated  because  the  microbio- 
logical concentrations  actually  declined  through  the  commu- 
nity. 


Concentrations  of  the  nitrogen  parameters  (ammonia,  total 
kjeldahl,  nitrate  (NO,*)  and  nitrite  (NOz"))were  never  in 
exceedance  of  suggested  water  quality  guidelines.  Simi- 
larly, zinc  levels  were  well  within  the  M0E  objective  of 
0.05  mg/1  at  all  stations.   Based  on  these  resu  1  ts r  samples 
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were  not  analysed  for  the  above  parameters  during  the 
remainder  of  the  study. 

Total  suspended  solids  exceeded  the  guideline  of  25  mg/1 
(McNeely  et  aj_.  1979)  at  12  of  30  stations.  On  the  East 
Humber,  the  highest  level  (48  mg/1)  was  found  at  station 
E-8  near  Woodbridge.  On  the  West  Humber  the  greatest 
concentration  (98  mg/1)  was  found  at  station  W-5(T)  located 
on  a  tributary  in  the  southern  portion  of  the  watershed. 
The  highest  overall  TSS  concentration  of  124  mg/1  was  found 
at  station  H-14  on  the  Humber  River.  All  five  exceedances 
occurring  on  the  Humber  River  were  in  the  southern  stretches 
of  the  watercourse. 

Total  phosphorus  concentrations  exceeded  the  guideline  of 
0.03  mg/1  at  27  of  30  stations.  Values  ranged  from  0.024 
mg/1  at  E-8  and  H- 10 ( T)  to  0.132  mg/1  at  H-14.  The  highest 
concentrations  were  found  on  the  southern  stretches  of  the 
Humber  River  above  the  town  of  Woodbridge. 

Trace  metal  analyses  for  Cu  ,  Pb  and  Cd  revealed  that  wide- 
spread exceedances  occurred  only  with  Cu.  Violations  of 
the  MOE  objective  occurred  at  25  of  30  stations.  Concen- 
trations ranged  from  0.003  mg/1  at  station  H-4{T)  to  0.021 
mg/1  at  W-7(T).  Although  elevated  Cu  levels  were  found  at 
W-7(T),  the  station  was  eliminated  because  of  extremely  low 
base  flows  and  the  strong  likelihood  that  the  tributary 
would  become  dry  during  summer  periods.  Analyses  for  Pb 
were  maintained  through  the  study  because  Pb  concentrations 
were  uniformly  close  to  exceeding  the  objective  throughout 
the  watershed.  In  the  case  of  Cd ,  the  laboratory  detection 
limit  was  above  the  MOE  objective  of  0.0002  mg/1  (MOE  1984) 
and  it  was  felt  that  samples  should  continue  to  be  analysed 
for  this  parameter  using  more  sensitive  detection  limits. 


A  complete  summary  of  the  Synoptic  Survey  data  is  presented 
i  n  Appendi  x  2 . 
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3.2   Event  Sampling:   Comparisons  to  Water  Quality  Objectives 

Exceedances  of  water  quality  objectives  or  guidelines  are 
presented  in  Tables  3.1  to  3.10. 

Fecal  Conforms  (100  counts/100  ml;  MOE  1984) 

The  objective  for  FC  is  for  the  protection  of  public  health 
(MOE  1984). 

Seventy-five  percent  and  87%  of  the  FC  values  exceeded  the 
objective  for  Dry  Events  1  and  2  respectively.  In  contrast, 
during  Dry  Event  3  only  28%  of  the  FC  values  exceeded  the 
objective.  For  both  the  Wet  Event  and  the  wet  portion  of 
Dry  Event  2,  98%  of  the  FC  values  exceeded  the  objective. 

In  general,  wet  weather  mean  exceedance  ratios  were  greater 
than  dry  weather  mean  exceedance  ratios.  Wet  Event  mean 
exceedance  ratios  were  greater  on  the  West  Humber  and  East 
Humber  Rivers  than  on  the  Humber  River. 

Fecal  coliform  levels  immediately  downstream  of  the  towns  of 
Woodbridge  and  Bolton  (i.e.  stations  H-18,  E-8  and  H-9)  were 
consistently  higher  than  the  FC  levels  of  stations  located 
just  upstream  from  these  communities. 

Extremely  high  FC  counts  regularly  occurred  at  stations  H-2 
and  W-2. 

Total  Suspended  Solids  (25  mg/1;  McNeely  e_t  aj_.  1979) 

The  MOE  does  not  have  an  objective  or  guideline  for  TSS;  the 
guideline  for  TSS  is  for  the  protection  of  freshwater  life 
and  is  cited  by  McNeely  et  aj_.  (1979). 


The  TSS  guideline  was  exceeded  by  24%,  16%  and  5%  of  the 
samples  for  Dry  Events  1,  2  and  3  respectively.   Exceedances 


TABLE  3.1   EXCEECfiDCEa  OF  0BJECI1VES/6UIPELIME3  -  DRV  E'.'EMl  1 


stations  HI?  H19  HIS  HI?  HI4  H!l  H10   H?   K8  H7S   Hi  H55   H4   H2  H21)  E8   E?   E?   Ec   E4   El   Hi   IS  110  H3   N2  HIS 
PAfiMEIEft 


Fecal  Ccl i  fores 
UOOtti/iMtll 


>  > ;  M  :  > : ni :  >  I      l  < : M :  > : 


<:na:<  I  [>!<!> 


TS3 

(25  i$;l) 

lot al  Phosphorus 
'0.03  tq!\) 

m 

110  iq/1) 

Copper 

i 0. 005  *q  1 • 

Lsid 
(0.025  nj/ll 

Cidsiui 

'0.0002  »g;l ! 


> 


na     im     na 


:<:>:    :>: 


Hi     ni  :        I  na 


>: 


la     Bfl    I 


11  :> 


> 


!         !  fU  I         !  13  i 


■         i 


r-i 


na    I      I    na 


;        i  na  .         ;  n-a 

■         i        i         i 


:        I  na      m  !        !  na  ! 


na 


no  data  available 


i  i 


:>: 


I        I        !  na      na 


I  I 


I  I 


i        t  na      nj  i 


■        i        i 


> 


O 


LEC-EisD: 


> 


-  all  saapiss  eiceMse  oDjeiue  ;r  ;ui jsli.ie. 

-  '50*.  st  :i«les  istesisi  jajsrti.e  or  j'aideUr.r, 


<-      -    =50".  oi  si:i Dies  e  ceeSed  lo'scti.-i  or  euiu&i i r 

!  -  no  =ispla  e'Lji-ir5  t!>i  sbjsthvg  ;.r  jaioeiinf. 


'"lot  appl  i:.-ti-:-,  nc  safsis  :";lrC.5-3. 


Tr-tLS   3.2        MEt-h  E-CEtf^HCE  RATIOS  -  DF.  E"£HT   I 


Ststl&r.:     HI7    HIS    HI5     Hi*    Mi     nil     HI-      H9      H8    H'5      Hi     B55      H4      H2     H20      El      E°      E'     'E6      E4      E2      Hi      Hc.    Hi-      *T      W:     WIS 


r«F:«f!ETEF 


;.;•,!  CoU tor fi=      1.3     1,9      na     J.B      fi;    1.'     1.8    3.2  fi| 

1  '•■■<;  t -i.  •  I  "■■  "ft i  ■» 


na   13.2     2.6     3.6     1.1      iu  3.1     1.9  1.3     3.2     4.5  36.9      m 


IS:  1.0      fii     l.e      na  1.1 

■  25  sq • 1 »»» 


m 


na      na 


IH      1.3 


t.l 


fctsi   FhOBpfcerus     2.0      na     2.2      na     1,9     1.6    2.0    2.2      na     1.4     I.7     1.7     1.3      na      na     l.t       r,a    2.0    2.3     2.1     2.9    2.2     2.4     2.2      na      na 

•i.\03  ug'i  i  ♦ 


tot 


r-3 


na 


na      na 


na 


na      na 


fDppr  1.1      na    2.4      na    5.'    2.3    2.5    2.9      na    3.5    4.9    2.7     2.7      na      na     3.3      na     2.3     1.2     1.6    2.4     4.0    2.9    2.9      na      na     S.i 

'0.0'Jj  «q.'  1  '* 


L5id 


?25  NT  I  '♦ 


I  J'!*!U* 


*g- 1 1 ' 


na  na 


i>l 


na      na 


no  data  available 


na 


na      na 


♦  Ofciectr-e  ior  the-  protection  c*  aquitu    h*e  *MuE   19641,  mth  the  tollcwino  errephonS! 
•1     thsre  15  no  *ir»  otnetti.e  fat   total  prie&ph0ri»t ;  the  valur  |it£fi  for  total  ptospheritE  is  a  qefifcriil  guideline. 
■2     tne  f't'ecti  e  tor  fecal   cc-ntcr*^  >,*.   »oi    'he  protection  o*  public  health. 

*«  I0r  ;»;tcid-j  iolidt  .-alee  is  a  qui-iehi';  *jf  Hie  prelection  ol  freitiHatw   lite; 

*M   F0[     ah-tr  :'.   af   lnduatoi   of  crc.-i  :•    pel  i  •  •  t » o » .  not  ?  natei    aurliiv  object!   t    iUcNee!     et   al.    l1^0'. 


t 
i  j 


iit   appln.;-!  ie,   no  t.-mle  CuU^.tfrJ. 


TriEtLE  3.3        E>CEEM!ICiES  OF  Of Jti I f >JE£ .;GU [DEL I liES  -  DFl  EVENT 


station:     HI?    H!9    HIS    H!9    HH    HI  1     H1C-      H?      HE    H?5      H6    HM      H4      H2    H20     E8      E*      E7      Eo      E4      E2      Ub      M5    N!o      N3      H2    MIS 
PARAMETER 


Fecal  Col i farm* 
(lOOcts/tOOtll 


na  ,   v    .  na 


^ 


T:S 

(25  «B< 


na    ft:  I    na 


I  na  ! 


Total  Phosphorus    IBM    na    ■■    na   :  <■ 

hi. 03  iq  1  ■  ;■■'        ilHv        I        I 


BOD 

(10  «q- 

l! 

Copper 

10,005 

12  ' 

1) 

Lead 

'".l''2j 

ig  ■ 

[ , 

Caeeuua 

fi*.t'00i 

f>9 

-1) 

I  I 


^  ;  na  i  <- 

^  ■         !^ 

^  i  si  1        i  na  ;        ;        i        :        I  na  ! 


!  na      na  !        !  na  I        I 


^     ^ 


^     ^ 


< 
^ 


;  na      na  ;        i  na  ; 


^      na     ^     ^ 


> 


!        !        !  na      na 


I  <**  1  na      na  !  ^  I 


t        i 


i         i 


^  ■  "- 


^  \  i£ 


I  fia      na  I         ! 
*  ii 

|:na      na;^; 

na      na  !  s   ' 

I  **  . 

na      na    I 


i 


LE6EHD: 

1 

> 


-  all  :«"isis=  erceeoed  otjetti.-e  ar  Euisshne, 

-  '50".  ~J  saaoles  escesdsd  cbjrcttvj  :'  laideiisi*. 

-  =!■■'.  it  ■=;  pi -.-;  i  -.iini  3&JKtl   i  ;«■  qmdeiins, 

-  kb  iiae'-s  e-creifi  the  sbjsctirc  :r  v-iidelirs. 


not  applicable,  no  =aso!e  cdlec 


*-ELE  3.4        *irt,  EffEfDANCI  RATIOS  -  Wi  EVENT  2 


station:     HP    HIB    H15    H19    H14     HI!     Hk>      H9      HB    H75      Ho     H55      H4      B2    H20      EB      E9      E7      Efc      E4      E2      W6       15     W10      Hi      W2     WIS 
PftfiAHETER 


Fees!   [ollfvu       5.8     4.q      na     1.9      ns     3.0  2.2     1.9      na     1..1     1.0      na   Sl.l     t.7     7.3  na     1.3     2.3     2.9     2.9     5.2     4.6     2.3  14.9      n* 

■  IttC'cts '  190*1  '• 

1SS  l.i      na    |.7      na    1.5  na  m      na  »s  na      M 

'25    iT. Q    1  l*» 

total  Phosphorus     1.6      r.a    2.8      na     l.a    2."  1.5      53     1.0  1.2  M      na  na  1.0  U  na      M     I.J 

! ",01  •g/l ' * 

ti.[i  na  na  na  ni       na  na  f»i       r.a 

l'i   ifl    i  It* 

LCpper  1.6      na     1.7      na     2.2     1.4     1.4     4.4      hi    2.'.>    2.4     2.7     1.8      na      na     1.2      na    2.0     5.9    2.2     1.2     1.4     2.2     M      na      na     1.2 

■.""5  *g - 1  ■  * 

1 

na      na  I."      1.0  1.0   na      1.2  1.4  1.4   na   na  2.1   na  1.7  I.B  1.5  1.6  1.3  1.5  1.4   na   na  l.i  co 

1 

na     2.5  6.2  6.2   na   na  2.5   na  3.6  5.0  2.5  3.8  1.2  6.2  2.5   na   na  38.8 


*  Ooiective  for  the  protection  of  aquatic   lite-   (MCE  1984),  with  the  followino  exceptions: 
'I'  there  is  no  Urn  objective  (or  total  phosphorus;  the   -alue  qi«eri  for  total  phosphorus  is  a  general  guideline. 
■2     the  ohiertre  tor  fecal  col  1  tons  is  -or   the  protection  of  public  health. 

*■-*   TKt  suspend-:-!  sol  ids   .alue  is  ;  guideline  for  the  protection  of  fresflnater   Itifij 

*r.-  b0['     ;l«e  is  an  tndi cator  0*  -:-i  Ss'    :  pollution,  not   ;  satei    qnahiv  objective  'HcNeel     et   al.    I2"'. 

us     -  rot   jppli'  able,  re  Siif-Ii  :  ills-cteJ. 


lead 

"'.i.*25  »q  1 

■  * 

Lactam* 

I'/.OfrC'S  »0' 

l't 

ThBLE  5.5       EICEEMNCES  OF  OEJECtlVES/BUiDELIHEE  -  Wi  EVENT  3 


station:     H!7    H1B    H15    HI?    Hli    HI!     BIO      H9      H3    H"5      Hi>    H55      H4      HI'    H20      E8      E9      E7      E6      E4      E2      Hi      M5    HIO      H3      W2    HIS 


MSmHEIEF: 


Fecal  Cohforjs 
!  100c  tf/1 00ft  1  i 

!< 

i 

B 

na 

TSE 

125  ig/l) 

i 

i 
i  __ 

!    IB 

< 

Total  Phosphorus 

—--- 

!    M 

> 

10.03  ig/lt 

i  _ 

BOD 

i 

!   na 

.... 

110   M.'li 

''-— 

—  - 

Copoer 

i 

*   no 

lO."i.'5  *n.-l> 

i 

' 

Lead 

r" 

!   na 

10.025  no 'I ' 

! 

[ 

—  - 

Cadanus 

1   na 

.... 

10.0002  »g,'i  ,■ 

; 

; 

>; 


H 


ft  J 


:>:    i 

:       :  ni 

H  : 

H  - 

■         i         i 

:       ;  na 

i         i         ■ 

:       :  na 

;      ;      i 

!        '.  r:a 

i       i       ; 

!         !  na 

I  I 


I  I 


n.i       Ri   ! 


na 


na      na  !        *  na 


m      na  I        i  na  J 


na  ,  .  >  |  ^ 

■■■■  ^-^ 

i     _  i  i^^^  i        i _  i 

!  !  !         !  !  i         i  na      na 

!  !  '  *>  '  '  '         !  na      na 

•  i  i  *""^   i  *  i         ■ 

i  i  t         t  t  >        j 

!  I  !        !  i  !        :  na      na 

I  114*11 

!  !  '.         !  ',  !         i  na      na 

!  !  !         I  !  !        !  na      na 

i  t  i        t  i  i        i 

;  !  !       I  ;  ;       !  fi)     ni 


L£e£HBi 


:  > 


5:\  _•   laii'iK*  8:CS»3sd  CfetiCtl   e  :r   rju'el  1"5. 


1  ^  i 

I       !  -  no  =r"icU  3  :sedr3  tfte  ct-jscti  e  :•.»  juiseh.rs. 


na      -  rot  ssphriSlf.  no  saaois  collect 


I..PIE   5.4        HftiH  E'CEEMIICE  FAT U^  -  Dffi  E'-'EHI 


station:     HI?    H1B    HIS    Hlr-    HI 4    HI!     HIO      H9      Hfl    H7S      Hi    H55      M      HZ    H20      E8      Ea      E?      E^      E4      E2      Hfc      MS    HIO      IB      H2    M15 
PfiRftHEIEfi 


Fecal  Colli  htm  M      na  na     1.5  2.2  na  na    fj.5  6.5  ns  1.0    4.S  na 

(Wctg.'lOMH 

fSS  na  na     1.0  na  na      na  na  na      na 

Iota!   Fhosphorus  na     1.0      na     1.5  1.6      na  na      na  na  I.I  na      na 

(0.03  if/I)! 

tOD  na  na  na  na      na  na  na      na 

(10  ■qM)« 

Copper  na  na  na  na      na  na  na      na 

(0.005  »q/l)» 

Lead  na  na  na  na      na  na  na      na 

(0.025  wfl>*  ' 

Cadkiua  na  na  na  na      na  na  na      na  ' 

(0.0002  •g'll* 


*  Objective  for  the  protection  of  aquatic  life  (HOE  l?B4l,  with  the  following  exception?: 

(1)  there  is  no  fir*  objective  for  total  phosphorus;  the  value  given  for  total  phosphorus  is  a  general  guideline. 

(2)  the  objective  for  fecal  col  J  forts  is  for  the  protection  of  public  health. 

M  The  suspended  solids  value  is  a  guideline  for  the  protection  of  freshwater   life; 

the  POD  value  is  an  indicator  of  organic  pollution,  not  a  water  quality  objective   (NcNeely  et  al . , 1979> . 


na      -  not  applicable,  no  sa»ple  collected. 


TABLE  1.7   EICEEDmNCES  OF  OBJECTIVES/GUIDELINES  -  DRV  EVEN?  2  InI  portion) 


PARAMETER 


statical  HI?  Hta  HIS  H!9  HI4  Hll  HiO   H9   H8  H?5   Hs  H55   H4   H2  H20   E8   E?   E7   Ec  U      E2 


K4      H5    HIO      HJ      W2    HIS 


Fecal  CalifOTM 
UOOcts/lOOall 


Total  Phosphorus 

BOD 

Ito  if/U 

Copper 
10.005  sq.'ll 

Lead 

(0.025  Bf/li 

Cadsiun 
10.0002  u/1) 


na     Ea    rid 


na   " 


ni  'EH'   is 


na  !         1  r,j   : 


na  ;         I  na 


na    ffn    na 


5    . 


■        i 


na      na    H  I    na   I 


na      na  t 


^ 


■    lid    i  i 


I        !  na      ru  ! 


< 


«: 


na    ■    I     na    I 


la      na  !  ^  !  na 


la      na 


^ 


^      na  '^  '  na     < 


<  '•  <  !  "      Ra     ;<  !  " 


<  '  « 


en 

i 


LEEEW; 

■    -  all   Simple;  tfcwtal  :bjecti-e  :r  ruiosine. 
'  *V '  "    SO?  of  E.ji«D:fs  5"te?-jsd  DbjKti.s  :-r  atuzajjns. 
i^      -    «5»"  it  ej=p-.s!  =-:?s-:5:  ::}«::;  i  :r  i(i;;tlir.e. 


ftCt    =00; :  ;.-;:e,   ro  ;  =  " 


TfiBLE  J. 8   MEAN  E<CEEDfiNCE  RATIOS  -  DRY  EVENT  2  (wet  portion) 


station:  HP  H1B  H15  H 1 9  HI4  Hll  H10   H9   H8  H75   H6  H55   H4   H2  H20   EB   E9   E7   Eft   E4   E2   W6   MS  MO   M3   H2  H15 

PARAMETER 


Fecal  Coliforis    53.6  55.B      na  39,1      na  47.0    6.4  23.0    8.7      na  14.2    2.7      na  79.3    9.2  22.3    8.2      na    7.1  23. 0  95.4  26.0  40.5  37.7  39.6  26.2      na 
UOOcts/lOOalt* 

TBS  17.4      na  20.4      na  15.9  17.4     1.9    5.7      na     1.2     1.4  3.4      na      na    2.4      na  12.4    3.1     2.2    6.1     5.8    8.3    4. J      na      na 

(25  iq'h** 

Total   Phosphorus   10.8      na     7.0      na  15.0  17.8    2.6    5.1       na     2.2    2.B     2.6     4.4      na      na     2.B      na     3.1     1.7     1.8    2.3     5.3     7.l     5.3      na      na     1.0 
(0.03  Bfl/lH 

800  na  na  na  na      na  na  na      na 

(10  i](I)(( 

Copper  5.0      na    4.6      na    4.1     6.1     1.6    2.6      na    2.0    I.B    2.5    2.1      na      na    2.5      na    6.4    2.1     2.8    3.4    3.0    6.4    3.B      na      na    4.0 

(0.005  «g/l)t 

Lead  2.B      na    2.B      na    2.7    3.4     1.6     1.6      na    1.1     1.5    1.3     1.6      na      na    2.0      na    3.3    2.2    2.2     1.9     1.9    2.0     1.5      na      na     1.5 

(0.025  Hi/IM 

Cadmium  30.0      na  22.5      na  25.0  41.2  10. B  15.0      na    2.5    9.5  13.0      na      na    6.2      na  46.2    6.2    B.B  13. B  20.0  42.5  16.2      na      na     3.8 

(0.0002  ■f/lM 

»  Objective  for  the  protection  of  aquatic   life  (M0E   I9B41,  with  the  following  exceptions: 
(I)  there  is  no  firm  objective  for  total  phosphorus;  the  value  given  for  total  phosphorus  is  a  general  guideline. 
(21  the  objective  for  fecal  coliforis  is  for  the  protection  of  public  health. 

t*  The  suspended  solids  value  is  a  guideline  for  the  protection  of  freshwater  life; 

the  BOD  value  is  an  indicator  of  orqanic  pollution,  not  a  water  quality  objective   (McNeely  et  al., 19791. 

na    -  not  applicable,  no  sample  collected. 


i 

CO 
-vl 

I 


TABLE  3.9   EltCEEDASCES  OF  OBJECTIVES/ BUIDEL I NE5  -  taET  EVENT 


station:  H!7  K19  Ht5  H19  HI4  Hit  HIO   H9   H9  W75   Ha  B53   H4   H2  H20   ES   t?   E7   Ed   E4   E2   K6   M5  HIO   W3   K2  HIS 

PARAMETER  >  K    x  x 


Fecal  Coliforss  !j 
i  I'K'cts/ 100»1  >   :' 

TSS  ; 

'25  tg.'l)      ! 

Total  Phosphorus  ! 
18*03  kj.'Ii  ! 

eoo  : 

110  tg.'l  I  i 

Ccpoer 
'0.005  iig.'l) 

Lead 
(0.025  tg/l) 

Cadmus 
(O.OC'O:  jg.'l.' 


> 


na      na  ' 


nj      na      na 


na    Wm    na 


na    II 


>  i  "  !  >  ,. 

>  I  <  ;ijj: nj  jjj;  > ;    f^j01  nd;>:ni:<:>:>:na:>:>:>;ni  M:>: 
> ;  < ;  < ;  ni  M  H Si  i  i 


na  !        !  na  ! 


na    Dl    na 


!>:    .<,:>:>!    > 


na  ; 


na      na  ,         :   na 


!  na  t 


na  :^Y> 


na 


•w  !  na 


na      na  .  %^  :  m 


n*     in  '■■    M 


LE6EMD: 


> 


-  all  saacles  exceeded  "-bjecti'.e  or  rii-delise. 

-  5"".  &l  iaiplis  e-ceedsi  abjective  :r  jttidelin- 

-  •=:"'•'.  or  £irgI?s  rCrr-Tj-i  abject;   ?  -:•'  MiSslif 

-  HQ    SfAUlS   i   C2£d5d    th-I*   OE*fCt!    &    Z!    V-'i  J?i  1  r.r . 


na      -  nst  >psli:;(li,  r-a  -ssd\s  :g!1kis: 


-  Eheucil  szcBBOincc!  tor  H35,  H4,   £"   are  aas^d  in  ant  cosbo=! 
c h s -■  i c i !  gi'tseaancBS  for  htv  ar?  jsied  ;n  two  ccaposvte  si*ci 


?  riaplr  ±nd  one  discrete  jisclsj 


co 

i 


fABLE  S..10   MEAN  E«LEEDANCE  RAI10S  -  ME!  EVENT 


station:  H17  HIS  HIS  M9  H14  HI  I  HIO   H?   Hfl  H75   H6  H55   H4   H2  H20   E8   E"?   Ei   Efa   E4   E2   H6   N5  M10   W3   H2  HIS 
PARflWElER  »  *    «  " 


Fecal  Collar ts  ^4.8  13.6  7.4   na   na  14.9  7.9  11.0   na  7. J  5.4  3,1   na   na   na  30.5  14.2  43. 9  12.8  31.4  50.8  50.4  44.4  32.1  93.5  67. B   na 
•: lOOcts/  IC'i.tfil  I* 


IBS  7.0   na  5.4   na  5.5  7.4  1.7  8.1   na  6.1  B.4 

'25  iig/IH* 


na      na    4.B      na    4.9    4.3    3.4      na    fc.B    2.5     1.9      na      na    3.0 


lotal  Phosphorus    9.3      na    6.0      na    7.4     7.7    2.3    7.B      na    6.5    9.0    1.3    3.0      m      na  na    5.7     1.3    4.B      na  11.0    7.6    5.2      na      na    7.3 

10.03  mq/li » • 


BOD 

(10  eg/lM* 


na  na 


H2 


na      na    5.4      na 


na 


na      na 


Copper  2.1      na    2.1      na    3.6    2.3    3.3    2.3      na     1.7     3.0     1.9    2.8      na      na    3.5      na     2.9    2.4    2.2      na    2.6    B.2     1.9      na      na     1. 

10.005  nig/1  >» 


Lead  1.4      na  na     1.2    1.2     1.1     1.3      na     1.0     1.2 

(0.025  fiq/l)» 


na      na     1.1      na     1.1     I.I     I.I      na     1.2     1.0  na      na     1.1 


Cadiiui  24.6      na  12.5      na  22.7  14.4  16.2  15.9      na  12.7  17.3  10. 0  12.5      na      na  19.2      na  22.5  12.3  12.7      na  25.0  15.8  14.6      na      na  17.5 

•0.0002  ■g/llt 

i  Objective  for  the  protection  of  aquatic   life  (N0E  19841,  with  the  following  exception': 
(II  there  is  no  firt  objective  for  total  phosphorus;  the  /alue  given  for  total  phosphorus  is  a  general   guideline. 
(21  the  objective  for  fecal  colifor*s  is  for  the  protection  of  public  health. 

f«  The  suspended  solids  value  is  a  guideline  for  the  protection  of  freshwater  life; 

the  BOP  value  is  an  indicator  of  organic  pollution,  not  a  water  guality  objective  IHcMeely  et  al.   1979). 

na    -  not  applicable,  no  sample  collected. 


■ 

ID 

t 


a  -  Cheat cal  e<ceedances  for  H55,  H4,  E7  are  based  on  one  composite  sample  and  one  discrete  saeple; 
cheaical  erceedances  for  HI0  are  based  on  two  composite  samples. 
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occurred  only  in  the  lower  portion  of  the  watershed,  and 
were  limited  to  seven  stations  in  Dry  Event  1  (H-17,  H-15, 
H-14,  H- 11,  H-9,  E-7(T),  W-6),  three  stations  in  Dry  Event  2 
(H-17,  H-15,  H-14),  and  two  stations  in  Dry  Event  3  (H-15, 
H-14}.   Dry  weather  mean  exceedance  ratios  were  low. 

Sixty-eight  percent  of  samples  collected  during  the  wet 
portion  of  Dry  Event  2  exceeded  the  guideline,  as  did  84%  of 
samples  collected  during  the  Wet  Event.  With  the  exception 
of  station  H-55(T),  wet  weather  exceedances  occurred  at  all 
stations.  Station  H-55 ( T )  was  located  immediately  downstream 
of  the  swimming  pond  in  Albion  Hills  Conservation  Area; 
suspended  particles  likely  settle  in  the  pond  before  reaching 
the  sampling  station.  Mean  exceedance  ratios  for  the  wet 
portion  of  Dry  Event  2  were  generally  greater  than  those 
recorded  for  the  Wet  Event;  the  greatest  exceedances  occurred 
in  the  lower  stretches  of  the  Humber  River. 

Total  Phosphorus  (0.03  mg/1;  MOE  1984) 

There  is  no  firm  objective  for  TP,  however,  MOE  (  1 984 )  does 
suggest  a  general  guideline  to  eliminate  excessive  growth  of 
aquatic  vegetation  in  watercourses. 

The  percentage  of  samples  which  exceeded  the  TP  guideline 
was  91%  in  Dry  Event  1,  47%  in  Dry  Event  2,  and  19%  in  Dry 
Event  3.  Ninety-seven  percent  and  94%  of  samples  exceeded 
the  guideline  for  the  wet  portion  of  Dry  Event  2  and  the  Wet 
Event ,  respect i vely . 


Dry  weather  mean  exceedance  ratios  were  uniformly  low  through' 
out  the  study  area.   As  noted  for  TSS,  TP  mean  exceedance 
ratios  for  the  wet  portion  of  Dry  Event  2  were  highest  in 
the  lower  stretches  of  the  Humber  River  and  were  generally 
greater  than  the  TP  mean  exceedance  ratios  of  the  Wet  Event. 
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BOO  (10  mg/1;  McNeely  et  a_l_.  1979) 

No  MOE  objective  has  been  established  for  BOD,  however  water 
with  BOD  levels  greater  than  10  mg/1  are  considered  polluted 
by  degradable  organic  material  (McNeely  e_t  aj_.  1979). 

The  only  exceedance  of  the  BOD  guideline  occurred  during  Dry 
Event  2  when  a  value  of  10.5  mg/1  was  recorded  at  station 
H-17. 

Copper  (0.005  mg/1;  MOE  1984) 

The  objective  for  Cu  was  established  for  the  protection  of 
aquatic  life  (MOE  1984). 

The  Cu  objective  was  exceeded  by  98%  and  82%  of  the  samples 
for  Dry  Events  1  and  2  respectively.  In  contrast,  no  excee- 
dances  were  recorded  for  Dry  Event  3.  During  wet  weather 
sampling  the  objective  was  exceeded  by  92%  and  88%  of  the 
samples  for  the  wet  portion  of  Dry  Event  2  and  the  Wet  Event 
respect i  vely . 

For  all  events  except  Dry  Event  3,  mean  exceedance  ratios 
were  greater  than  one  at  all  sampling  stations.  Generally 
these  mean  exceedance  ratios  were  similar  for  both  dry  and 
wet  weather  samples,  although  some  of  the  mean  exceedance 
ratios  during  wet  conditions  were  actually  lower  than  those 
recorded  for  Dry  events  1  and  2.  This  may  indicate  that  dry 
weather  sources  of  Cu  were  diluted  in  wet  conditions. 

Lead  (0.025  mg/1 ;  MOE  1984) 

The  objective  for  Pb  was  established  for  the  protection  of 
aquatic  life  (MOE  1984). 


The  Pb  objective  was  never  exceeded  during  Dry  Event  3  and 
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on  only  one  occasion  during  Dry  Event  1.  In  contrast,  excee- 
dances  occurred  in  71%  of  the  samples  during  Dry  Event  2; 
all  stations  except  H-15  had  at  least  one  exceedance.  Lower 
base  flows  during  Dry  Event  2  may  have  reduced  the  water- 
shed's capacity  to  dilute  Pb  inputs  resulting  in  higher  Pb 
concentrations  during  this  event. 

Mean  exceedance  ratios  were  uniformly  low  throughout  the 
watershed  . 

Cadmium  (0.0002  mg/1;  MOE  1984) 

The  MOE's  objective  for  Cd  was  established  for  the  protection 
of  aquatic  life  (MOE  1984). 

No  Cd  data  were  available  for  Dry  Event  1  due  to  continued 
difficulty  in  achieving  the  necessary  detection  limit. 
Sixty-six  percent  of  Dry  Event  2's  Cd  samples  exceeded  the 
objective.  No  Cd  exceedances  occurred  in  Dry  Event  3.  In 
Dry  Event  2  (wet  portion),  76%  of  samples  exceeded  the 
objective,  and  of  the  Wet  Event  samples,  all  but  one  (99%) 
exceeded  the  objective. 

The  highest  dry  weather  Cd  levels  for  the  Number  River  were 
recorded  in  Dry  Event  2  from  the  tributary  stations  H-55(T) 
and  H-4(T),  both  of  which  had  mean  exceedance  ratios  of  6.2. 
The  highest  overall  dry  weather  mean  exceedance  ratio  was 
one  of  38.8  at  station  W- 1 5  for  Dry  Event  2.  In  contrast  to 
Cu  and  Pb  which  had  similar  concentrations  in  dry  and  wet 
conditions,  Cd  concentrations  increased  dramatically  during 
wet  weather.  The  maximum  mean  exceedance  ratio  of  46.2 
occurred  at  station  E-7(T)  in  the  wet  portion  of  Dry  event 
2. 


3.3   Parameter  Correlations 


Results  of  correlation  analysis  on  the  surface  water  quality 


Table  3.  1  1 


Occurrence  of  Significant  Correlations. 

(Shown  are  the  percentages  of  stations  which  had  the  given  correlations 
at  p<0.05.  "+"  indicates  positive  correlations,  "-"  indicates  negative 
correl at  ions  .  ) 
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data  are  summarized  in  Table  3.11. 

In  dry  weather,  TDS  and  COND  were  positively  correlated  with 
Q  and  negatively  correlated  with  TSS  and  Pb.  Positive 
correlations  occurred  frequently  between  TSS  and  each  of  OP, 
TP,  Cu  and  Pb ,  between  Cu  and  each  of  OP,  TP,  and  Pb ,  and 
between  TP  and  OP. 

Some  changes  in  parameter  correlations  occurred  in  the  Wet 
Event.  Total  suspended  solids,  OP,  and  TP  became  positively 
correlated  with  Q;  OP,  TP,  and  Cd  exhibited  more  frequent 
correlations  with  TSS,  whereas  Cu  and  Pb  correlations  with 
TSS  were  less  frequent.  Copper  and  Pb  were  no  longer  nega- 
tively correlated  with  Q.  Cadmium  became  positively  cor- 
related with  Cu  and  Pb. 

A  complete  list  of  significant  correlations  by  sampling 
station  is  given  in  Appendix  3. 


3 .4   Description  of  Wet  Event 

For  the  purposes  of  the  study,  the  Wet  Event  period  encom- 
passed six  days,  from  November  9  to  14,  1984.  The  event  was 
considered  to  run  from  12:00  AM,  Friday  November  9  (0  hours) 
to  12:00  AM,  Thursday  November  15  (144  hours).  To  avoid 
possible  confusion  when  comparing  hydrographs  or  polluto- 
graphs  from  various  stations,  this  six-day  period  will  be 
hereafter  referred  to  in  terms  of  total  event  time  (0  to  144 
hours  )  . 


I 
I 


The  rainfall  intensity  (mm/0.5  hour)  and  the  cumulative 
rainfall  depth  (mm)  are  presented  in  Figure  3.1.  The  rain- 
fall intensity  was  recorded  by  an  automatic  rain  gauge 
located  at  the  Kortright  Centre  for  Conservation,  near 
Kleinburg.  The  data  were  stored  for  later  access  by  the 
MTRCA's  Flood  Warning  computer  system.   A  total  of  35  mm  of 
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rain  fell  between  the  afternoon  of  November  9  and  the  early 
evening  of  November  11.  The  major  portion  of  the  event 
occurred  between  42  and  66  hours  (November  10  and  11),  when 
22  mm  of  rain  fell.  These  heavy  rains  were  preceded  by 
three  intense  rainfalls  of  short  duration. 

Precipitation  data  analysis  after  the  event  suggested  the 
rainfall  was  fairly  evenly  distributed  throughout  the  study 
area  (0.  Haley,  personal  communication).  For  this  reason, 
the  Kortright  precipitation  data  were  considered  to  be 
representative  of  the  entire  study  area. 

Examples  of  typical  hydrographs  are  presented  in  Figures  3.2 
to  3.4.  These  three  stations  were  chosen  because  they 
correspond  to  WSC  gauging  stations  and,  therefore,  complete 
hydrographic  records  were  available.  Stations  E-8  and  W-6 
correspond  to  the  mouth  of  the  East  Humber  River  and  the 
study  "mouth"  of  the  West  Humber  River  respectively.  Station 
H-14  is  the  first  WSC  gauging  station  on  the  Humber  River 
upstream  of  its  confluence  with  the  East  Humber  River. 

On  the  figures, the  period  of  rainfall  in  the  study  area,  the 
flow  event,  and  the  sampled  portion  of  the  flow  event  are 
shown  for  each  station.  The  "flow  event"  was  defined  as  the 
interval  from  the  first  rise  in  the  hydrograph  at  that 
station  until  a  return  to  near  base  flow  when  the  final 
chemical  samples  were  taken.  The  period  of  sampling  indi- 
cated refers  to  chemical  and  microbiological  sampling;  not 
included  are  additional  microbiological  samples  which  were 
collected  on  November  14. 

It  can  be  seen  from  Figures  3.2  to  3.4  that,  based  on  dis- 
charge, significant  percentages  of  the  flow  event  were 
sampled  at  each  station.  As  previously  mentioned,  Wet  Event 
chemical  loads  were  defined  as  the  total  chemical  mass  that 
flowed  out  of  a  subbasin  during  the  sampled  portion  of  the 
event.   Caution  must  be  exercised  in  making  comparisons  of 
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chemical  loadings  between  stations  because  some  spurious 
differences  may  occur  if  the  portion  of  the  flow  event 
sampled  was  not  exactly  the  same  at  each  station.  The 
hydrographs  given  as  examples  are  more  or  less  typical  of 
all  the  sampling  stations  in  that  the  peaks  and  falling 
portions  of  the  hydrographs  were  sampled. 

It  is  obvious  from  the  hydrographs  that,  compared  to  sub- 
basins  H-14  and  W-6,  subbasin  E-8  exhibited  a  much  more 
pronounced  response  to  the  initial  storms.  Sharp  spikes 
occurred  in  the  hydrograph  at  24  and  33  hours,  two  periods 
of  intense  rainfall.  The  greater  sensitivity  of  subbasin 
E-8  to  these  short-lived  storms  may  reflect  the  more  urban 
nature  of  this  subbasin.  Rapid  rises  in  river  levels  would 
result  from  storm  water  running  quickly  off  street  surfaces 
to  the  river  via  storm  sewers.  The  subsequent  major  rain 
storm  resulted  in  two  coequal  peaks  at  E-8  separated  by 
approximately  20  hours.  The  initial  and  latter  peaks  may 
result  from  initial  storm  water  runoff  in  subbasin  E-8  and 
upstream  contributions  respectively.  The  hydrograph  at 
station  W-6  peaked  just  prior  to  the  second  peak  at  E-8. 
Peak  flows  on  the  Humber  River  at  station  H-14  occurred 
approximately  3  to  5  hours  later  than  the  peaks  on  the  East 
and  West  Humber  Rivers.  Note  that  the  West  Humber  River, 
which  had  been  intermittent  in  the  summer,  had  a  peak  dis- 
charge nearly  equivalent  to  that  of  the  Humber  River  above 
Woodbr i  dge . 


Examples  of  "pol lutographs "  ,  plots  of  chemical  concentrations 
versus  time,  are  given  in  Figures  3.5  to  3.7.  At  station 
E-8  the  concentrations  of  TSS,  TP ,  Cu ,  Pb  and  Cd  all  closely 
paralleled  discharge.  At  station  H-14  parameter  concen- 
trations also  paralleled  discharge,  although  Cd  and  Cu 
concentrations  increased  again  approximately  15  hours  after 
the  hydrographic  peak.  Compared  to  stations  H-14  and  E-8, 
obvious  differences  occurred  in  the  temporal  pattern  of 
contaminant  inputs  at  station  W-6.   At  this  station  the  peak 
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concentrations  of  TSS,  TP,  Cu,  Pb  and  Cd  all  preceded  the 
hydrographic  peak  by  at  least  10  hours.  This  suggests  that, 
in  terms  of  contaminant  inputs  at  station  W-6,  the  initial 
runoff  period  is  of  greatest  significance. 

It  is  interesting  to  note  the  close  association  of  TSS  and 
TP  in  all  of  the  examples.  The  implication  is  that  phos- 
phorus is  largely  sediment-transported.  A  similar  associa- 
tion may  exist  between  TSS  and  metals,  however,  the  polluto- 
graphs  indicate  that  some  departures  from  this  occur. 


3.5  Subbasin  Chemical  Loadings 

For  each  event  the  chemical  contributions  (i.e.  discharge 
(Q),  TSS,  TP,  Cu,  Pb,  Cd)  of  the  subbasins  were  displayed  on 
schematic  diagrams  of  the  Upper  Number  watershed.  Subbasin 
chemical  contributions  were  represented  as  percentages  of 
the  loadings  at  the  "mouth"  of  the  Upper  Number  watershed, 
the  "mouth"  being  defined  as  the  southern-most  boundary  of 
the  study  area.  As  the  confluence  of  the  West  Number  River 
with  the  Humber  River  is  downstream  of  the  study  area  boun- 
dary (Figure  2.1)  it  was  necessary  to  consider  the  West 
Humber  separately  from  the  Humber  and  East  Humber  Rivers. 
Therefore,  subbasin  chemical  loadings  were  expressed  as  a 
percentage  of  the  loading  at  Highway  7  (station  W-6)  for  the 
West  Humber  River  stations,  and  as  a  percentage  of  the 
loading  at  Steeles  Avenue  (station  H-17)  for  all  other 
stations.  Obviously  it  was  possible  in  some  instances  for 
the  subbasin  loadings  of  certain  parameters  to  exceed  those 
ocurring  at  the  "mouth".  In  those  cases  the  subbasin  loading 
percentages  were  recorded  as  values  greater  than  100%. 


For  some  events,  metals  concentrations  at  H-17  or  W-6  were 
less  than  the  detection  limit.  Because  such  concentrations 
are  reported  as  zeros,  no  relative  subbasin  contributions 
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could  be  calculated  as  the  percentages  would  have  undefined 
values.  When  applicable,  these  situations  were  identified 
on  the  schematic  diagrams  by  asterisks  at  H-17  or  W-6. 

Chemical  loadings  by  subbasin  are  presented  in  Figures  3.8 
to  3.12  and  Tables  3.12  to  3.16  and  are  discussed  below. 

Total  Suspended  Solids 

Dry  weather  TSS  contributions  were  minimal  from  the  Humber 
River  upstream  of  the  Albion  Hills.  Although  subbasin  H-6 
accounted  for  just  over  50%  of  the  Upper  Humber  River's  dry 
weather  discharge,  it  contributed  less  than  15%  of  the  TSS 
load.  Similarly,  the  tributaries  "Coffey  Creek"  (H-4(T)), 
Centreville  Creek  (H-55(T) ) ,  and  Cold  Creek  ( H- 1 0 ( T ))  contri- 
buted little  to  the  total  TSS  load.  In  Dry  Events  1  and  2 
there  was  an  increase  in  TSS  loading  through  the  town  of 
Bolton,  although  this  trend  was  reversed  in  Dry  Event  3.  The 
greatest  dry  weather  contributions  of  TSS  occurred  downstream 
of  Bolton  within  subbasins  H-11,  H-14,  and  especially  H-15. 
The  East  Humber  River  acted  as  relatively  clean  dilution  for 
the  Humber  River  at  Woodbridge. 

Relative  to  the  Humber  River,  the  West  Humber  River's  dry 
weather  discharge  is  minimal  {<10%  of  the  Humber  River's 
discharge);  the  river  becomes  intermittent  in  summer.  The 
West  Humber  River  upstream  of  subbasin  W-15  contributed 
virtually  nothing  to  the  system  in  dry  weather.  In  terms  of 
TSS,  "Gore  Creek"  (subbasins  W-5(T)  and  W-10(T))  likewise 
contributed  minimally  in  dry  weather. 

Relative  subbasin  contributions  of  the  Humber  River  did  not 
change  appreciably  during  the  wet  portion  of  Dry  Event  2.  On 
the  West  Humber  River,  however,  there  was  a  marked  increase 
in  the  relative  TSS  loading  of  subbasin  W-5(T). 


During  the  Wet  Event  there  was  an  increase  in  the  relative 
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Mean  Instantaneous  Loadings  -  Dry  Event  1 


Parameter 
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Cumu 1 ati  ve 

Drainage  Area 
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Table  3. 13 

Mean  Instantaneous  Loadings  - 

-  Dry 

Event 

2. 

Parameter 

Cumulati 

ve 

TSS 

TP 

Cu 

Pb 

Cd 

Station 

Dra  i nage 
(km') 

Area 

Di  scharge 
(m'/s) 

(x 

10"6kg/ 
34600 

s) 

(x1Q~6kg/s) 

(x10"6kg/s) 

(x10"6kg/s) 

(x10~6kg/s) 

H- 17 

540 

1.22 

66.6 

9.47 

29.4 

0.00 

H- 15 

290 

0.97 

41299 

82.4 

8.31 

18.5 

0.50 

H-14 

281 

1.01 

37100 

59.0 

11.0 

26.0 

0.25 

H-  1 1 

268 

0.98 

23628 

59.2 

6.63 

22.7 

0.49 

H-10(T) 

6  3 

0.22 

1220 

4.63 

1.82 

5.64 

0.11 

H-9 

188 

0.85 

14091 

38.8 

18.6 

22.2 

0.00 

H-75 

177 

0.77 

4252 

23.6 

7.73 

18.6 

0.00 

H-6 

146 

0.69 

3105 

20.0 

9.14 

21.4 

0.34 

H-55(T) 

44 

0.17 

1276 

5.85 

2.29 

5.80 

0.21 

K-4(T) 

23 

0.13 

976 

3.84 

1.14 

4.57 

0.16 

E-8 

194 

0.46 

2295 

9.78 

2.63 

23.7 

0.23 

E-7(T) 

35 

0.073 

584 

1.02 

0.74 

3.14 

0.055 

E-6 

141 

0.33 

1102 

2.45 

1.21 

3.66 

0.082 

E-4 

95 

0.073 

292 

1.63 

0.83 

2.71 

0.037 

W-6 

143 

0.080 

1680 

4.16 

0.56 

2.64 

0.020 

W-5(T) 

59 

0.024 

23 

0.41 

0.26 

0.92 

0.030 

W-10(T) 

21 

0.030 

103 

0.83 

1.10 

1.03 

0.014 

W-15 

32 

0.00 

0. 

00 

0.00 

0.00 

0.00 

0.00 
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Table  3.14 


Mean  Instantaneous  Loadings  -  Dry  Event  3, 


Parameter 

Station 

Cumul at  i  ve 
Drainage  Area 
(km1) 

Di  scharge 
(fli'/s) 

TSS 
(x10"6kg/s) 

TP 
(x10~6kg/s) 

Cu 
(x10"6kg/s) 

Pb 
(xl0"6kg/s) 

Cd 
(x1G"6kg/s) 

H-17 

540 

2.36 

23512 

40.9 

3.95 

0.00 

0.00 

H-  15 

290 

1.76 

28676 

54.2 

3.59 

0.00 

0.00 

H-  14 

281 

1.76 

46100 

80.0 

4.00 

0.00 

0.00 

H-11 

268 

1.88 

18591 

47.6 

3.77 

0.00 

0.00 

H-10(T) 

63 

0.30 

1082 

3.4  3 

0.30 

0.00 

0.00 

H-9 

188 

1.24 

9014 

59.4 

1.63 

0.00 

0.00 

H-75 

177 

1.78 

24738 

43.8 

4.14 

0.00 

0.00 

H-6 

146 

1.25 

3030 

16.3 

1.25 

0.00 

0.00 

H-55{T) 

44 

0.30 

757 

4.09 

0.60 

0.00 

0.00 

H-4(T) 

23 

0.27 

730 

2.87 

0.45 

0.00 

0.00 

E-6 

194 

0.92 

4723 

8.26 

1.84 

0.00 

0.00 

E-7(T) 

35 

0.10 

482 

0.52 

0.17 

0.00 

0.00 

E-6 

141 

0.4  3 

1818 

4.13 

0.73 

0.00 

0.00 

E-4 

95 

0.26 

767 

4.  16 

0.53 

0.00 

0.00 

W-6 

143 

0.26 

1126 

2.64 

0.81 

0.64 

0.00 

W-5(T) 

59 

0.090 

155 

0.66 

0.27 

0.19 

0.00 

W-10(T) 

21 

0.21 

659 

2.60 

0.41 

0.00 

0.00 

W- 15 

32 

0.022 

80.9 

0.33 

0.066 

0.033 

0.00 

01 
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Table  3.15 


Hean  Instantaneous  Loadings  -  Dry  Event  2  (wet  portion) 


Parameter 


Station 


H-  17 

H-  15 

H-14 

H-11 

H-iO(T) 

H-9 

H-75 

H-6 

H-55(T) 

H-4(T) 

E-8 

E-7(T) 

E-6 

E-4 

W-6 

W-5(T) 

W-10(T) 

W-15 


Cumul ati  ve 
Drainage  Area 
(km1  ) 


540 

290 

281 

268 

63 

168 

177 

146 

44 

23 

194 

35 

141 

95 

143 

59 

21 

32 


Discharge 
(tn'/s) 


TSS 
(x10~6kg/s) 


TP 
(xl0"6kg/s) 


3.62 
3.48 
3.24 
2.34 
0.39 
1  .91 
1.71 
1.78 
0.44 
0.36 
1.42 
0.40 
0.33 
0.31 
0.42 
0.15 
0.18 
0.018 


15747 

19894 

14170 

9710 

221 

2490 

510 

617 

33.9 
397 
989 
2009 
237 
184 
714 
396 
179 
1  .24 


11.8 

6.94 
15.6 
12.0 
0.35 
2.74 
1.18 
1.43 
0.36 
0.60 
1.30 
0.41 


17 
14 
75 
38 

28 


Cu 
(x10"6kg/s) 


Pb 


Cd 


(x1Q"bkg/s)     (x10"°kg/s) 


0.0057 


2.53 

0.22 

2.55 

0.19 

2.20 

0.19 

1.95 

0.18 

0.15 

0.010 

0.78 

0.049 

0.62 

0.0086 

0.66 

0.030 

0.15 

0.00 

0.15 

0.013 

0.75 

0.022 

0.45 

0.061 

0.18 

0.0038 

0.18 

0.0058 

0.20 

0.020 

0.076 

0.016 

0.067 

0.0054 

0.0072 

0.00014 

i 
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Table  3.16 

Loads  For  Samp 

ed  Portion  ur  we 

>i  tveni 

Parameter 

Cumul  ati  ve 

Cu 
(kg) 

Pb 

(kg) 

Cd 

Station 

Drainage  Area 
(km«) 

Water  Volume 
(xlO'm'  ) 

TSS 
(kg) 

TP 

(kg) 

(kg) 

H-17 

540 

1872 

266379 

436 

18.0 

59.2 

8.79 

H-15 

290 

856 

133961 

169 

10.2 

21.8 

2.20 

H-  1  4 

281 

770 

107135 

157 

16.0 

22.1 

3.86 

H-1  1 

268 

924 

182183 

226 

8.79 

27.3 

2.72 

H-10(T) 

63 

99.6 

3805 

6.85 

1.56 

2.74 

0.32 

H-9 

188 

790 

185143 

208 

7.76 

27.7 

3.14 

H-75 

177 

688 

114160 

150 

4.40 

18.1 

1.67 

H-6 

146 

514 

87513 

126 

6.52 

16.5 

1.64 

H-55(T.) 

44 

178 

1488 

6.36 

1.35 

3.33 

0.36 

H-4(T) 

23 

167 

7  789 

13.7 

2.18 

3.93 

0.40 

£-8 

194 

490 

59469 

76.7 

8.76 

14.2 

1  .86 

E-7(T) 

35 

215 

37551 

49.8 

4.30 

6.62 

1  .16 

E-6 

141 

189 

24922 

31.3 

1.32 

5.24 

0.50 

E-4 

95 

211 

15925 

29.1 

1.30 

5.32 

0.50 

W-6 

143 

622 

84545 

195 

6.87 

19.4 

3.54 

W-5(I) 

59 

67.3 

2618 

13.2 

1.49 

1.66 

0.  18 

W-10(T) 

21 

115 

3407 

12.9 

0.73 

2.77 

0.30 

W- 15 

32 

136 

13211 

36.2 

1.20 

3.73 

0.46 
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TSS  contribution  from  the  H-6  subbasin.  Again  there  was  an 
increase  in  TSS  load  through  the  town  of  Bolton,  however  the 
relative  contributions  of  subbasins  H-11,  H- 1 4 ,  and  H-15 
were  lower  than  in  dry  weather.  In  general,  the  Humber 
River  upstream  of  Woodbridge  accounted  for  a  smaller  pro- 
portion of  the  total  discharge  than  it  had  in  dry  weather  - 
only  50%  in  the  wet  event  compared  with  70  to  80%  in  dry 
weather.  The  relative  contribution  of  the  East  Humber  River 
to  total  discharge  was  also  reduced.  This  indicates  the 
increased  importance  of  subbasin  H-17  in  the  Wet  Event. 
This  trend  was  not  evident  in  the  wet  portion  of  Dry  Event 
2,  suggesting  that  there  may  be  differences  in  the  way  the 
watershed  responds  to  various  storm  events. 

On  the  West  Humber  River,  the  major  TSS  inputs  during  the 
Wet  Event  occurred  within  the  W-6  subbasin;  as  in  dry  wea- 
ther, the  other  subbasins  contributed  relatively  little  to 
the  total  TSS  load.  The  discharge  of  the  West  Humber  River 
relative  to  the  Humber  River  was  substantially  greater 
during  the  Wet  Event  than  it  had  been  in  dry  weather.  In 
dry  weather  the  discharge  of  the  West  Humber  River  was 
usually  less  than  10%  of  the  Humber  River's  discharge, 
however  in  the  Wet  Event  this  percentage  increased  to  33%. 
Relative  impacts  of  the  two  rivers  on  the  lower  Humber  are 
hard  to  determine  based  on  our  data  because  the  West  Humber 
River  passes  through  Claireville  Reservoir  between  station 
W-6  and  its  confluence  with  the  Humber  River  near  Weston 
Road  . 

Total  Phosphorus 


Total  phosphorus  contributions  varied  considerably  between 
Dry  Events  1,  2  and  3.  An  exception  to  this  were  the  rela- 
tive loadings  from  the  upstream  Humber  River  tributaries 
H-4(T),  H-55(T)  and  H-10(T),  which  were  consistently  low. 
In  no  dry  event  did  the  loadings  from  any  of  these  subbasins 
exceed  20%  of  the  loading  at  H-17.   Unlike  TSS,  TP  loadings 
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from  subbasin  H-6  corresponded  closely  to  stream  discharge, 
approaching  50%  of  the  TP  loading  at  H-17  during  Dry  Events 
1  and  3.  Loadings  were  slightly  lower  during  the  second 
event.  Under  all  dry  event  conditions,  the  TP  loadings 
increased  between  stations  H-75  and  H-9  (i.e.  through  the 
town  of  Bolton).  During  each  event,  the  relative  loadings 
increased  about  30%;  from  35  to  65%  of  the  loading  at  Steeles 
Avenue  during  Dry  Events  1  and  2  and  from  107  to  144%  during 
Dry  Event  3.  Of  note  is  the  fact  that  these  TP  increases 
were  not  accompanied  by  any  appreciable  increases  in  stream 
discharge,  suggesting  TP  inputs  were  of  a  concentrated  point 
source  nature. 

During  dry  weather  conditions,  relative  TP  contributions 
from  subbasins  through  the  central  and  southern  portions  of 
the  Humber  River  (i.e.  H— 11,  H-14  and  H-15)  ranged  from  75 
to  195%  of  the  levels  at  H-17.  The  latter  contribution 
occurred  from  the  H-14  subbasin  during  Dry  Event  3.  Compara- 
tively speaking,  total  phosphorus  loadings  from  these  sub- 
basins  generally  exceeded  corresponding  stream  discharges 
relative  to  values  at  H-17. 

Total  phosphorus  inputs  from  the  East  Humber  River  subbasins 
were  comparatively  small  relative  to  the  loadings  at  Steeles 
Avenue.  The  most  significant  contribution  occurred  from  the 
E-8  subbasin  during  Dry  Event  1,  when  the  TP  loading  was 
about  30%  of  the  value  at  H-17. 

Dry  weather  TP  contributions  from  subbasins  on  the  West 
Humber  River  were  generally  small  relative  to  the  loading  at 
W-6.  An  exception  occurred  from  the  W-10(T)  subbasin  during 
Dry  Event  3,  when  TP  loading  was  equal  to  the  loading  at 
W-6. 

Certain  loading  trends  noted  during  the  Dry  Events  were  also 
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seen  during  wet  weather  conditions.  For  example,  the  rela- 
tive TP  contributions  from  the  tributary  subbasins  H-4(T), 
H-55(T)  and  H-10(T)  were  also  minimal  during  wet  weather 
sampling.  Similarly,  increases  in  the  relative  TP  loadings 
through  the  town  of  Bolton  were  observed  during  both  the  wet 
portion  of  Dry  Event  2  and  the  Wet  Event,  although  they  were 
not  as  dramatic  as  those  which  occurred  during  the  dry 
events.  Differences  in  TP  loadings  from  the  H-11,  H-14  and 
H-15  subbasins  were  apparent  between  the  two  wet  weather 
sampling  periods.  Relative  to  H-17,  the  more  significant 
contributions  from  these  subbasins  occurred  during  the  wet 
portion  of  Dry  Event  2. 

Typically,  wet  weather  TP  loadings  were  relatively  small 
from  the  East  Humber  River  subbasins.  Subbasin  contributions 
were  generally  less  than  10%  of  the  value  at  H-17,  increasing 
to  about  20%  at  station  E-8,  near  Woodbridge.  Relative  to 
station  H-17,  the  discharge  contribution  from  most  East 
Humber  River  subbasins  exceeded  the  corresponding  TP  contri- 
but  ion . 

On  the  West  Humber  River  during  the  wet  portion  of  Dry  Event 
2,  the  most  significant  TP  contributions  occurred  from  the 
W- 1 0 ( T )  and  W-5(T)  subbasins,  with  respective  loadings  of 
40  and  50%,  relative  to  the  value  at  W-6.  During  the  Wet 
Event,  relative  TP  contributions  from  these  subbasins  were 
much  sma 1 ler  . 

Copper 

In  Dry  Events  1  and  2,  Cu  loadings  at  H-6,  the  chemical 
sampling  station  closest  to  the  source  on  the  Humber  River, 
had  already  reached  the  levels  of  the  Humber  River  at  Steeles 
Avenue.  Although  this  was  not  the  case  in  Dry  Event  3,  high 
loadings  were  found  at  the  next  station  downstream,  station 
H-75.  The  relative  Cu  contributions  of  the  tributaries 
H-4(T),  H-55(T),  and  H- 1 0 ( T )  in  the  three  dry  events  were 
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generally  equal  to  their  relative  discharge  contributions. 
The  same  was  the  case  for  most  of  the  East  Humber  River, 
however,  in  the  lower,  £-8  subbasin,  relative  Cu  loadings 
tended  to  exceed  relative  discharges  suggesting  that  subbasin 
E-8  could  be  a  Cu  source. 

On  the  West  Humber  River,  contributions  of  subbasin  W-15 
were  minimal.  Subbasins  W-5(T)  and  especially  W-10(T)  had 
relatively  high  Cu  contributions  in  Dry  Event  2. 

In  wet  weather,  the  relative  Cu  contributions  from  the  upper 
portions  of  the  Humber  River  were  not  as  high  as  they  had 
been  in  dry  weather.  In  the  wet  portion  of  Dry  Event  2,  Cu 
loadings  did  not  reach  the  level  of  Steeles  Avenue  until 
subbasin  H-11.  In  the  Wet  Event,  this  occurred  even  further 
downstream,  in  subbasin  H-14,  however,  relative  loadings 
then  decreased  in  subbasin  H-15.  Subbasin  E-7(T)  had  a  high 
Cu  contribution  in  wet  weather  relative  to  its  discharge. 
Wet  Event  Cu  loadings  at  station  E-8  reached  nearly  50%  of 
the  Cu  loading  at  station  H-17. 

There  were  high  Cu  contributions  from  subbasins  W-5(T)  and 
W-10{T)  during  the  wet  portion  of  Dry  Event  2,  however,  this 
was  not  the  case  in  the  Wet  Event.  In  the  Wet  Event,  the 
bulk  of  the  West  Humber  River's  Cu  load  came  from  subbasin 
W-6. 


Lead 


The  relative  Pb  contributions  from  subbasins  throughout  the 
study  area  were  very  similar  during  Dry  Events  1  and  2. 
From  almost  every  subbasin  the  loadings  closely  paralleled 
stream  discharge,  possibly  suggesting  inputs  were  generally 
of  a  diffuse  nature. 

Within  the  Humber  River  watershed,  loadings  from  the  tribu- 
taries H-4(T),  H- 55 ( T )  and  H- 1 0 ( T )  were  minimal.    Between 
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stations  H-6  in  the  Albion  Hills  and  H-14  in  the  lower 
stretches,  loadings  were  typically  between  60  and  85%  of  the 
loading  at  Steeles  Avenue. 

On  the  East  Humber  River,  relative  subbasin  contributions 
were  generally  smaller  due  to  lower  stream  discharges.  An 
exception  occurred  from  the  E-8  subbasin  near  Woodbridge, 
where  Pb  loading  was  40%  of  the  value  at  H-17  during  Dry 
Event  1  and  80%  during  Dry  Event  2.  This  relative  subbasin 
loading  during  Dry  Event  2  is  noteworthy  because  the  corres- 
ponding stream  discharge  was  only  40%  and,  thus,  this  is  the 
only  instance  when  Pb  loading  varied  appreciably  from  dis- 
charge during  either  Dry  Events  1  or  2. 

On  the  West  Humber  River,  the  relative  Pb  contribution 
during  Dry  Events  1  and  2  was  minimal  from  the  W-15  subbasin. 
From  subbasins  W- 10 ( T )  and  W-5(T),  the  respective  loadings 
averaged  35  and  25%  of  the  loading  at  W-6. 

During  Dry  Event  3,  all  Pb  levels  in  the  Humber  and  East 
Number  Rivers  were  below  the  detection  limit  and,  therefore, 
no  relative  parameter  loadings  could  be  determined  for  these 
r i  vers  . 

On  the  West  Humber  River,  during  Dry  Event  3,  the  relative 
Pb  loading  was  minimal  from  subbasin  W-15.  At  W-10(T)  the 
Pb  concentration  was  0  mg/1,  despite  a  comparatively  large 
proportion  of  stream  discharge  (80%),  relative  to  W-6.  Lead 
loading  from  subbasin  W-5(T)  was  about  30%  of  the  value  at 
W-6. 


As  was  the  case  with  Cu  loadings,  relative  Pb  contributions 
from  subbasins  during  wet  weather  conditions  were  generally 
not  as  high  as  had  been  noted  during  dry  weather.  This  may 
suggest  that  dry  weather  sources  of  Pb  become  diluted  during 
wet  weather  conditions.  Relative  Pb  loadings  during  the  wet 
portion  of  Dry  Event  2  were   similar  to  those  occurring 
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during  dry  weather  conditions  in  that  they  generally  corres- 
ponded to  stream  discharge.  The  exceptions  occurred  in  the 
upper  reaches  of  the  Humber  River,  where  the  relative  Pb 
contributions  from  subbasins  H-6,  H- 75  and  H-9  were  only 
about  30%  of  the  value  at  H-17,  while  the  corresponding 
stream  discharges  were  about  50%. 

During  the  Wet  Event,  it  appeared  that  a  large  proportion  of 
the  Pb  loading  was  contributed  by  the  H-17  subbasin  itself. 
The  relative  Pb  contribution  at  station  H-15  on  the  Humber 
River  was  only  37%  of  the  value  at  Steeles  Avenue,  and  at 
station  E-8  on  the  East  Humber  River,  the  relative  loading 
was  24%.  Stream  discharges  were  correspondingly  low  sugges- 
ting that  during  severe  storm  events  the  relative  contri- 
butions from  the  H-17  subbasin  can  be  significant. 

Relative  to  station  W-6,  the  percentage  contributions  from 
the  other  subbasins  on  the  West  Humber  River  (W-15,  W- 1 0 ( T ) 
and  W-5(T)),  were  lower  during  the  Wet  Event  than  those 
recorded  during  Dry  Events  1  and  2  (dry  and  wet  portion). 

Cadmium 

No  Cd  data  were  available  for  Dry  Event  1.  For  Dry  Event  2 
the  Cd  concentration  at  H-17  was  below  the  detection  limit 
and,  therefore,  relative  subbasin  loadings  could  not  be 
represented  on  the  schematic  diagram.  Loadings  were  calcu- 
lated for  stations  having  detectable  Cd  concentrations; 
these  loadings  are  shown  in  Table  3.13.  The  highest  Cd 
loading  was  recorded  from  station  H-15.  On  the  West  Humber 
system,  "Gore  Creek",  represented  by  subbasins  W-5(T)  and 
W-10(T),  accounted  for  most  of  the  Cd  loading  in  Dry  Event 
2.  In  Dry  Event  3,  concentrations  were  less  than  the  detec- 
tion limit  at  all  stations. 


In  the  wet  portion  of  Dry  Event  2  the  greatest  increase  in 
Cd  loading  on  the  Humber   River  occurred  within   subbasin 
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H-11.  "Kortright  Creek"  (subbasin  E-7(T)),  tributary  to  the 
East  Humber  River,  also  seemed  to  be  a  significant  Cd  source 
considering  this  tributary's  relatively  small  drainage  area 
(Table  3.15).  As  noted  for  some  other  parameters,  in  the 
Wet  Event  subbasin  H-17  had  a  high  contribution  to  the  total 
event  load  of  Cd  -  no  other  Humber  or  East  Humber  subbasin's 
contribution  represented  greater  than  45%  of  the  total  Cd 
load.  On  the  West  Humber  River  there  were  similar  dif- 
ferences between  the  wet  portion  of  Dry  Event  2  and  the  Wet 
Event.  Subbasins  W-5(T)  and  W-10(T),  although  representing 
the  bulk  of  the  Cd  loading  in  the  wet  portion  of  Dry  Event 
2,  had  relatively  smaller  contributions  in  the  Wet  Event. 


3 .6   Bed  Sediment  Chemistry 

All  but  one  of  the  19  sediment  samples  collected  from  sta- 
tions in  the  Upper  Humber  watershed  were  classif-ied  as  very 
fine  sand  based  on  grain  size  analysis.  Station  W-5(T)  was 
classified  as  medium  to  coarse  sand.  Figure  3.13  shows  the 
percentage  by  weight  of  very  fine  sand  in  the  sediments 
collected  at  each  station.  At  all  stations  except  W-5(T), 
very  fine  sand  was  the  dominant  grain  size.  Silts  and  clays 
represented  less  than  3%  by  weight  at  all  stations. 

Loss  on  ignition  (LOI),  an  estimate  of  organic  content, 
ranged  from  2.1  to  13.6%  (mean  6%).  The  highest  values 
occurred  at  stations  located  in  the  upper  reaches  of  the 
watershed  (i.e.  W-15,  W-10(T),  E-2,  H-4(T),  H-55(T)  and  H-6) 
and  values  generally  decreased  at  downstream  stations.  Loss 
on  ignition  levels  at  the  above  noted  stations  exceeded  the 
guideline  of  5%  for  sediments  suitable  for  open  water  dis- 
posal (MOE  1976a,  1978). 


Cadmium  concentrations  were  less  than  the  detection  limit 
(1.0  mg/kg)  at  all  stations,  and  were  therefore  excluded 
from  all  subsequent  analyses.    Basic  statistical  analyses 
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were  performed  on  the  remaining  chemical  data  and  the  results 
are  as  f ol lows : 


Mean 

Mi  nimum 

' 

1a  x  imum 

TP(mg/kg) 

245 

25 

@  H-9 

850 

@  W-10(T) 

Cu(mg/kg ) 

17 

6 

(3  H-1  1  ,  E-4 

38 

@  W- 1 0 ( T) 

Pb(mg/kg) 

16 

4 

@  E-4 

48 

@  W-10(T) 

Zn{mg/kg  ) 

61 

30 

@  E-4 

104 

@  E-8 

The  distribution  of  TP,  Cu,  Pb  and  Zn  by  station  is  shown  in 
Figure  3.14.  Stations  were  divided  into  two  arbitrary  groups; 
those  with  "low"  concentrations  and  those  with  "high"  concen- 
trations as  f o  1  lows  : 

TP:   >  300  mg/kg   @   H-14,  H-9,  H-55(T),  W-10(T),  W- 15 

<  100  mg/kg   @   HI  - 1  7 ,  H-11,  E-6,  E-4,  W-6 

Zn:   >   65  mg/kg   @   H-9,  H-55(T),  E-8,  E-2,  W -  1 0 ( T  ) 

<  35  mg/kg   @   H-11,  E-4,  W-5(T) 

Cu,Pb:   >   20  mg/kg   @   H-17,  H-9(Pb  only),  E-8,  E-2,  W-10(T) 

<  10  mg/kg   @   H-11,  H-75,  H-9{Pb  only),  E-4 

With   only   two   exceptions,   contaminant   levels   were   no*,  ir 
exceedance  of   the   MOE * s  open   water   disposal  guidelines  (MOE 
9~6a,  1978)  .    Exceptions  occurred   at   stations  E-8  and   L-2, 
.here  the  Zn  concentration  exceeded  the  guideline  cf  100  rr.g  kg 

Three  groups  of  variables  were  positively  correlated  (p<0.05) 
as  f o 1  lows  : 

1  )   Zn ,  Pb ,  Cu ,  and  silt. 

2)  Zn,  TP,  and  L01 . 

3)  TP,  and  very  fine  sand. 

Four  groups  of  variables  were  negatively  correlated  (p<0.05) 
as  f o  1  lows  : 

1)   Very  fine  sand,  medium  sand,  coarse  sand,  and  very 
coarse  sand. 
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2)  Coarse  sand,  very  coarse  sand,  and  TP. 

3)  Silt,  medium  sand,  and  very  coarse  sand. 

4)  Medium  sand,  very  coarse  sand,  Pb,  and  Zn . 

In  general,  these  correlations  suggest  that  fluctuations  in 
concentrations  of  metals  and  TP  parallel  fluctuations  in  the 
proportion  of  silt  and  very  fine  sand  respectively.  Also, 
comparatively  high  concentrations  of  Zn  and  TP  are  found  in 
sediment  of  high  organic  content.  Lead  and  Cu  do  not  exhibit 
this  positive  association  with  organic  content. 

Complete  bed  sediment  data  and  the  results  of  the  correlation 
analysis  are  presented  in  Appendix  4. 


3.7   Land  Use  . 

Crop  farming  (Agriculture)  forms  the  major  proportion  of  land 
use  within  the  Upper  Humber  study  area.  This  land  use  pre- 
sently comprises  69%,  81%  and  87%  of  the  Humber,  East  Humber 
and  West  Humber  River  basins  respectively  (Figure  3.15). 


Within  the  Humber  River  watershed,  pasture  land  (Pasture) 
tends  to  predominate  in  the  more  northerly  subbasins  (i.e. 
H-20,  H-2,  H-4(T),  H-55(T)  and  H-6).  This  is  likely  because 
of  the  extremely  hummocky  terrain  in  this  region  which  is 
better  suited  for  livestock  grazing  than  for  crop  farming. 
The  shift  from  predominantly  pasture  land  to  agricultural 
land  is  dramatic  as  the  Humber  River  exits  the  Oak  Ridges 
Moraine  and  begins  to  flow  over  the  more  gently  sloping  till 
plain.  From  subbasin  H-75  south  to  H-17  the  agricultural 
component  within  each  subbasin  is  typically  between  45  to 
75%.  The  proportion  of  Forested  area  within  each  subbasin  is 
fairly  consistent,  averaging  about  15%.    The  major  Urban 
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1  and  use  within  the  Humber  River  watershed  is  limited  to 
subbasins  encompassing  Bolton  and  Woodbridge  (i.e.  H-8,  H-9, 
H-19,  H-15  and  H- 18) . 

Land  use  within  the  East  Humber  River  basin  parallels  that 
of  the  Humber  River  although  no  significant  pasture  land  was 
found.  A  fairly  large  urban  component  is  present  in  the  E-2 
subbasin,  due  primarily  to  the  communities  of  King  City  and 
Oak  Ridges.  The  urban  land  use  occurring  within  subbasin 
E-8  is  associated  with  the  town  of  Woodbridge. 

As  indicated  in  Figure  3.15,  agricultural  land  use  within 
the  West  Humber  River  basin  is  significant.  It  forms  between 
45  and  96%  of  the  land  use  within  each  of  the  West  Humber 
River  subbasins.  The  proportion  of  pasture  land  within  each 
subbasin  appears  inconsequential  on  Figure  3.15,  relative  to 
agricultural  land  use,  but  it  is  important  because  of  where 
it  occurs.  Grazing  areas  on  the  West  Humber  River  typi- 
cally border  either  one  or  both  sides  of  the  watercourse, 
and  the  field  inventory,  (Section  3.9),  revealed  many  areas 
of  extensive  livestock  access.  The  Urban  and  Forested 
components  are  minimal  within  most  West  Humber  River  sub- 
basins . 


3 .8   Overland  Sediment  Delivery 

Soil  Loss  Mapping  indicated  that  the  most  significant  over- 
land delivery  potential  exists  from  subbasins  in  the  central 
and  northern  portions  of  the  Humber  and  East  Humber  River 
basins  (Figures  3.16  and  3.17  (in  map  pocket)). 


Overall,  the  H- 1 0 ( T )  subbasin  (Cold  Creek),  has  the  potential 
to  deliver  the  greatest  amount  of  overland  sediment,  with 
1,210  ha  of  targeted  farmland  (Appendix  5).  Subbasins  H- 75 
and  H-11,  situated  above  and  below  Bolton  respectively,  and 
the  two  upstream  tributary  subbasins  H-4(T)  ("Coffey  Creek") 
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and  H-55(T)  (Centreville  Creek)  all  exhibit  between  400  and 
500  ha  of  targeted  land. 

On  the  East  Humber  River,  the  most  significant  subbasin  is 
E-6  with  a  targeted  area  of  1,021  ha.  The  subbasins  E-2,  E-4 
and  the  tributary  subbasin,  E-7(T)  have  399,  554,  and  430  ha 
of  targeted  land  respectively. 

The  West  Humber  River  basin  exhibits  considerably  less  over- 
land sediment  delivery  potential  than  either  of  the  Humber  or 
East  Humber  River  watersheds.  The  greatest  potential  exists 
in  subbasins  W-15,  W-5(T)  and  W-6. 

The  most  critical  factors  in  determining  areas  of  High  over- 
land sediment  delivery  are  the  topography  and  land  use  of  a 
region.  The  comparatively  significant  areas  of  High  delivery 
potential  in  the  northern  subbasins  are  due  in  large  part  to 
the  undulating  topography  of  the  Oak  Ridges  Moraine  which 
extends  through  the  upper  portions  of  the  study  area.  In  the 
northern-most  subbasins  of  the  Humber  River,  the  hummocky 
terrain  would  likely  cause  High  sediment  delivery  to  occur  in 
spite  of  the  predominant  pasture  land  which  is  typically  not 
a  significant  source  of  overland  sediment.  Not  surprisingly, 
the  more  centralized  subbasins  are  of  greatest  significance, 
where  a  combination  of  slightly  rolling  topography  and  row 
crop  farming  (e.g.  corn  system)  potentially  results  in  perio- 
dically severe  inputs  of  overland  sediment.  As  previously 
mentioned,  the  West  Humber  River  exhibits  comparatively 
little  overland  sediment  delivery  potential.  Although  the 
watershed  is  primarily  agricultural,  the  generally  level 
topography  likely  limits  significant  overland  sediment  inputs 
to  those  areas  immediately  adjacent  to  watercourses. 


Considered  in  their  entirety,  the  Humber  River  basin  exhibits 
the  greatest  amount  of  targeted  land  with  4,203  ha  targeted, 
followed  by  the  East  Humber  River  with  2,500  ha  and  the  West 
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Humber  River  with  863  ha  (Appendix  5).  If  considered  on  a 
per  unit  area  basis  (ha  of  High  overland  sediment  delivery 
potential /km2 )  ,  the  Humber  and  East  Humber  River  basins  are 
quite  similar  exhibiting  12  and  13  ha/km2  respectively.  The 
West  Humber  watershed  displays  about  6  ha/km2. 

Complete  overland  sediment  data  are  presented  in  Appendix  4. 


3.9  Field  Inventory 

Stream  Bank  Erosion 

The  total  area  of  exposed  erosive  stream  bank  was  calculated 
for  each  subbasin.  These  total  erosive  areas  we»*e  then 
divided  by  the  length  of  inventoried  stream  bank  within  the 
corresponding  subbasin  so  that  an  estimate  of  the  erosive 
area  per  unit  length  of  stream  bank  (m2/km)  was  obtained 
( Figure  3.18). 

On  the  Humber  River,  subbasins  H-19,  H-14  and  H-11  had  the 
greatest  per  unit  length  stream  bank  erosion  with  values  of 
1,362,  961,  and  624  m2/km  respectively.  The  increased  TSS 
loadings  observed  within  these  subbasins  in  dry  weather  may 
be  at  least  partially  attributable  to  stream  bank  erosion. 
All  other  Humber  River  subbasins  had  erosive  areas  of  less 
than  400  mz/km,  the  lowest,  24  m2/km,  was  in  the  uppermost 
subbasin,  H-20.  Erosive  area  was  consistently  high  on  the 
East  Humber  River,  the  highest  (792  m2/km)  and  lowest  (384 
m2/km)  values  occurring  within  subbasins  E-6  and  E-2  respec- 
tively. Most  of  the  West  Humber  subbasins  had  high  erosion, 
although  subbasin  W-10(T)  was  low  at  100  m2/km. 

Comparing  the  three  rivers  in  their  entirety,  the  West 
Humber  River  had:  the  greatest  erosive  area  per  unit  length 
at  1,486  m2/km,  followed  by  the  East  Humber  at  1,281  m2/km 
and  the  Humber  at  949  m2/km. 
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It  should  be  emphasized  that,  while  providing  a  comparative 
estimate  of  the  degree  of  stream  bank  erosion  within  sub- 
basins,  the  results  discussed  above  may  not  always  indicate 
which  subbasins  would  contribute  the  greatest  stream  bank 
sediment  load  to  the  watercourse  because  they  do  not  consider 
the  relative  size  of  the  subbasins.  For  example,  although 
the  West  Humber  River  has  a  greater  amount  of  exposed  erosive 
area  per  unit  length  than  the  Humber  or  East  Humber  Rivers, 
the  West  Humber  is  shorter  and  its  total  erosive  area  is 
less  than  the  other  two  rivers.  A  summary  of  erosive  area 
of  stream  bank  by  subbasin  is  included  in  Appendix  5. 

Point  Sources  * 

Point  source  inflows  identified  during  the  field  inventory 
are  summarized  by  subbasin  in  Figure  3.19.  Inflows  were 
characterized  as  to  whether  they  were  natural  (e.g.  tribu- 
taries or  springs)  or  anthropogenic  (e.g.  storm  sewers, 
drainpipes,  drainage  ditches)  and  whether  they  were  dry  or 
flowing  at  the  time  of  the  inventory. 

Natural  inflows  predominated  in  the  upper  reaches  of  the 
Humber  River  (i.e.  from  subbasin  H- 75  upstream),  although 
anthropogenic  inflows  did  occur,  many  of  which  were  flowing. 
These  anthropogenic  inflows  were  primarily  from  pastoral, 
residential  or  small  commercial  land  uses.  The  headwaters 
of  Centreville  Creek  ( H- 55 ( T ) )  are  in  the  community  of 
Caledon  East  where  some  storm  sewer  outfalls  exist. 


Urban  inputs  were  prevalent  in  subbasins  H-9  and  H-18  which 
corresponded  to  the  towns  of  Bolton  and  Woodbridge  respec- 
tively. These  inputs  were  mainly  storm  sewers,  some  of 
which  remained  flowing  in  dry  weather.  Outfalls  from  sewage 
treatment  plants  (STPs)  serving  Bolton  and  Kleinburg  were 
located  in  subbasins  H-9  and  H-19  respectively.  Waste 
loadings  from  these  STPs  were  previously  reviewed  by  the  MOE 
(MOE  1976b).   After  1985,  the  Bolton  STP  will  be  taken  out  of 
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operation  and  sanitary  sewage  from  Bolton  will  be  directed 
south  to  Brampton  via  a  trunk  system  (M.  Schirller,  personal 
communi  cat  ion  )  . 

Anthropogenic  inputs  in  subbasin  E-8  corresponded  to  that 
area  of  Woodbridge  located  within  the  East  Humber  River 
drainage.  A  large  number  of  anthropogenic  inflows  were  also 
found  on  the  East  Humber  River  in  subbasins  E-2  and  E-4. 
Subbasin  E-2  included  the  communities  of  King  City  and  Oak 
Ridges.  Subbasin  E-4  had  a  mixture  of  agricultural  and 
commercial  land,  with  most  development  concentrated  along 
the  Highway  400  corridor. 

Most  of  the  inputs  to  the  West  Humber  system  were  found  on 
the  tributary  subbasin,  W -  1 0 ( T ) .  One  section  of  this  tribu- 
tary in  particular  had  a  heavy  concentration  of  spring 
sources . 

Anthropogenic  inflows  in  the  West  Humber  system  were  mostly 
agricultural  in  nature. 

Locations  of  all  identified  point  sources  are  shown  in 
Figure  3.20  (in  map  pocket).  Water  samples  were  collected 
in  dry  weather  from  certain  inflows  which  field  staff  con- 
sidered likely  sources  of  pollution.  Those  inflows  that 
were  sampled  are  marked  with  identification  codes  in  Figure 
3.20.  Results  of  the  water  quality  analysis  are  given  in 
Appendix  5.  Water  quality  data  indicate  that  dry  weather 
contaminant  contributions  from  point  sources  may  be  signi- 
f i  cant . 

Livestock  Access 


For  each  subbasin,  the  percentage  of  watercourse  length 
which  was  subject  to  livestock  access  is  indicated  in  Figure 
3.21.  The  actual  watercourse  lengths  experiencing  livestock 
access  are  given  in  Appendix  5. 
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Approximately  8  to  10%  of  subbasins  H-20,  H-2  and  H-4(T)  had 
livestock  accessing  the  watercourse.  Pasture  land  is  pre- 
dominant in  these  subbasins  (Figure  3.15).  Pasture  land  is 
likewise  the  dominant  land  use  type  in  subbasins  H-55 ( T)  and 
H-6,  however,  watercourses  in  these  subbasins  did  not  have 
any  extensive  livestock  access  problems.  On  the  Humber 
River,  the  greatest  amounts  of  livestock  access  were  found 
in  the  more  southerly  subbasins  H-19  and  H-11  where,  respec- 
tively, 66%  (3.9  km)  and  19%  (2.0  km)  of  the  river  was 
subject  to  livestock  access.  Livestock  access  may  be  a 
contributing  factor  to  the  pronounced  stream  bank  erosion 
problems  in  these  subbasins.  Also,  TSS  and  TP  loadings 
generally  increased  wjthin  these  subbasins.  Similar  bank 
erosion  problems  and  loading  increases  in  the  adjacent 
subbasin  H-14  cannot  be  attributed  to  livestock  access, 
however,  as  none  was  found. 

On  the  East  Humber  River,  livestock  access  was  noted  only  in 
subbasins  upstream  of  Kleinburg.  Access  was  most  prevalent 
in  subbasin  E-4  where  27%  (2.8  km)  of  the  river  was  affected. 

As  noted  in  the  Land  Use  section  (section  3.7),  livestock 
pasturing  in  the  West  Humber  watershed  is  significant  because 
of  its  concentration  along  the  watercourses.  Field  inves- 
tigations showed  that  all  subbasins  were  influenced  by 
livestock:  percentage  access  varied  from  7%  in  subbasin  W-2 
to  73%  in  subbasin  W-5(T).  The  extremely  high  FC  counts 
detected  throughout  the  West  Humber  watershed  in  wet  weather 
may  be  partially  attributable  to  runoff  from  livestock 
operations  located  in  close  proximity  to  the  watercourses. 


The  generally  low  FC  levels  throughout  the  Upper  Humber 
watershed  in  Dry  Event  3  may  relate  in  part  to  seasonal 
variation  in  pasturing  and  other  farming  practices.  In 
contrast  to  field  observations  made  in  the  summer  and  early 
fall,  livestock  would  not  be  pastured  in  December. 


4.   DISCUSSION 
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4 .0   Discussion 

Microbiological  sampling  indicated  widespread  water  quality 
degradation  throughout  the  Upper  Humber  watershed.  With  the 
exception  of  Dry  Event  3  when  levels  were  somewhat  reduced, 
FC  counts  regularly  exceeded  the  PWQO  at  most  sampling 
stations.  Exceedances  were  most  pronounced  during  wet 
weather.  Generally,  wet  weather  FC  exceedances  on  the  West 
Humber  and  East  Humber  Rivers  were  greater  than  those  on  the 
Humber  River. 

Fecal  pollution  in  the  Upper  Humber  watershed  originates 
from  a  combination  of  rural  and  urban  sources.  Even  in  the 
relatively  undeveloped  upper  reaches  of  the  watershed  FC 
exceedances  were  commonplace.  For  example,  at  station  H-20, 
located  north  of  Highway  9  less  than  10  km  from  the  source 
of  the  Humber  River,  the  geometric  mean  FC  density  was  112 
counts  per  100  ml  in  dry  weather,  with  a  maximum  FC  count  of 
540  recorded  in  midsummer.  At  H-2,  the  closest  station 
downstream,  the  dry  weather  geometric  mean  FC  density  was 
1,106  counts  per  100  ml.  Field  investigations  indicated 
that  the  high  FC  levels  at  H-20  were  likely  the  result  of  a 
problem  in  the  immediate  vicinity  of  the  sampling  station. 
This  points  out  that,  although  an  area  may  be  largely  un- 
developed, significant  local  problems  may  still  exist. 

The  towns  of  Bolton  and  Woodbridge  provide  good  examples  of 
the  effects  of  local  urbanization  in  the  watershed.  Within 
both  communities  there  were  numerous  point  sources,  some  of 
which  were  shown  to  be  potentially  significant  dry  weather 
sources  of  fecal  pollution.  Fecal  coliform  counts  regularly 
increased  through  the  towns. 


During  the  Synoptic  Survey  and  Dry  Event  sampling  the  fre- 
quency and  degree  of  TSS  and  TP  exceedances  were  greatest  in 
the  Humber  River  subbasins  between  Bolton  and  Woodbridge. 
As  well,  these  same  subbasins  (i.e.  H-11,  H-14,  H-15)  contri- 
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buted  the  greatest  dry  weather  loadings  of  TSS.  These 
subbasins  likewise  had  significant  loadings  of  TP,  however, 
large  increases  in  TP  loading  also  occurred  upstream  within 
the  town  of  Bolton  (i.e.  subbasin  H-9).  Total  suspended 
solids  and  TP  increases  between  Bolton  and  Woodbridge  may 
relate  in  part  to  the  observed  stream  bank  erosion  and 
livestock  access  problems  in  this  area.  Wet  weather  TSS  and 
TP  exceedances  were  more  widespread.  Mean  exceedance  ratios 
were  higher  in  wet  than  in  dry  weather. 

In  contrast  to  trends  noted  for  TSS  and  TP,  few  significant 
spatial  or  weather-related  differences  in  Cu  or  Pb  concen- 
trations were  observed.  These  results  corroborate  other 
studies  which  indicate  that  significant  inputs  of  Cu  and  Pb 
to  watercourses  can  occur  from  diffuse  atmospheric  sources 
(precipitation  and  dry  fallout)  (Demayo  et_  a_K  1980,  Demayo 
and  Taylor  1981).  One  possible  exception  to  this  was  sub- 
basin  E-8  which  may  be  a  source  of  Cu  and  Pb.  The  bed 
sediment  sample  from  station  E-8  had  comparatively  high 
concentrations  of  Cu  and  Pb  as  well  as  the  highest  observed 
Zn  concentration. 

Cadmium  concentrations  differed  from  those  of  Cu  and  Pb  in 
that  they  were  slightly  less  uniform  throughout  the  study 
area  and  they  increased  dramatically  under  wet  conditions. 
This  suggests  that  Cd  inputs  to  watercourses  occur  primarily 
from  localized  overland  sources  and  are  facilitated  by  storm 
event  runoff. 


The  topography  of  the  southwestern  portion  of  the  study  area 
differs  noticeably  from  the  remainder  of  the  Upper  Humber 
watershed.  The  typically  low  relief  and  impervious  nature 
of  the  Peel  clays  which  predominate  in  the  West  Humber  River 
basin  inhibit  rainwater  retention,  and  during  intense  or 
prolonged  storm  events  the  watershed  is  extremely  "flashy". 
In  contrast  to  the  Humber  and  East  Humber  River  basins  which 
have   substantial   base -flow   contributions   throughout   the 
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summer  months,  the  summer  base-flow  component  of  the  West 
Humber  River  is  generally  minimal.  During  summer  months,  as 
the  soil  loses  its  moisture,  many  watercourses  in  the  water- 
shed become  intermittent  and  rely  on  periodic  storm  events 
to  initiate  flow.  The  only  appreciable  ground  water  contri- 
bution in  summer  occurred  within  the  W-10(T)  subbasin  ("Gore 
Creek"),  where  several  flowing  springs  were  noted  during 
field  investigations.  As  a  result  of  these  consistent 
ground  water  inputs,  "Gore  Creek"  is  exceptional  in  that  it 
maintains  a  measurable  discharge  during  dry  weather. 

The  significance  of  the  West  Humber's  unique  drainage  basin 
topography  was  apparent  during  event  sampling.  In  summer 
dry  weather,  the  West  Humber  River  had  greatly  reduced  or 
intermittent  flow;  "Gore  Creek"  contributed  a  significant 
portion  of  the  system's  discharge.  Even  following  the 
short-lived,  intense  rainfall  in  the  wet  portion  of  Dry 
Event  2  discharge  in  the  West  Humber  River  remained  rather 
low.  However,  in  response  to  the  prolonged  rainfall  of  the 
Wet  Event,  flow  in  the  West  Humber  River  became  torrential, 
with  peak  discharge  rivalling  that  of  the  Humber  River  at 
Woodbridge.  During  the  Wet  Event,  subbasin  W-6  became  the 
major  discharge  and  contaminant  contributor. 


As  with  subbasin  W-6,  the  H-17  subbasin  took  on  greater 
importance  in  the  Wet  Event.  During  the  Wet  Event,  dis- 
charge and  chemical  loadings  of  the  Humber  River  increased 
approximately  30%  through  subbasin  H-17.  This  subbasin 
exhibited  no  loading  increases  of  this  magnitude  in  any  of 
the  other  events,  including  the  wet  portion  of  Dry  Event  2. 
The  reason  for  subbasin  H-17's  increased  importance  in  the 
Wet  Event  may  stem  from  a  combination  of  factors  related  to 
topography  and  land  use.  A  major  portion  of  subbasin  H-17 
is  drained  by  "Rainbow  Creek",  a  tributary  which  is  confluent 
with  the  Humber  River  just  above  Steeles  Avenue.  Unlike 
other  Humber  River  subbasins,  the  "Rainbow  Creek"  drainage 
basin  is  topographically  similar  to  the  West  Humber  River  in 
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th at  it  is  fairly  level  and  it  is  dominated  by  Peel  clays. 
This,  combined  with  the  predominantly  urban  land  use  in  the 
extreme  southern  portion  of  the  subbasin,  would  result  in 
significant  runoff  during  major  storm  events.  Urban  develop- 
ment already  underway  in  other  portions  of  this  subbasin 
will  in  future  further  accentuate  its  importance  in  wet 
weather . 

Other  subbasins  are  likewise  influenced  by  urbanization.  For 
example,  in  subbasin  E-8,  near  the  mouth  of  the  East  Humber 
River,  quicker  storm  water  runoff  resulted  in  rapid  rises  in 
river  levels  during  the  Wet  Event. 

The  great  disparity  between  dry  and  wet  weather  outputs  of 
the  West  Humber  drainage  basin  becomes  significant  when 
attempting  to  assess  the  relative  impacts  of  the  West  Humber, 
Humber  and  East  Humber  Rivers  on  the  lower  Humber.  Although 
the  effects  of  Claireville  Reservoir  are  not  fully  known,  it 
is  apparent  that  the  relative  impact  of  the  West  Humber 
River  on  the  Lower  Humber  would  be  greater  under  wet  as 
opposed  to  dry  conditions. 

The  decreased  chemical  and  microbiological  concentrations  in 
Dry  Event  3  may  indicate  that  the  importance  of  contaminant 
sources  varies  with  season.  The  late  fall  and  winter  months 
are  characterized  by  reduced  or  absent  livestock  pasturing, 
crop  tillage  and  construction,  frozen  soils  and  stream  banks 
less  susceptible  to  wind  and  water  erosion,  and  precipitation 
which,  instead  of  running  off,  is  stored  on  the  land  as  snow 
until  spring.  All  of  these  would  combine  to  reduce  conta- 
minant inputs  to  watercourses  during  this  season. 


Seasonal  factors  must  also  be  considered  in  evaluating  the 
Soil  Loss  Mapping.  This  mapping  is  designed  to  provide  an 
indication  of  the  relative  potential  of  overland  sources  to 
deliver  sediment  to  watercourses  on  an  annual  basis.  The 
results  of  the  mapping  for  the  Upper  Humber  study  area  were 
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not  substantiated  by  wet  weather  sampling,  however,  this 
discrepancy  is  not  surprising  for  several  reasons.  Of  most 
significance  is  the  fact  that,  on  an  annual  basis,  some  80 
to  90%  of  overland  sediment  inputs  typically  occur  during  a 
critical  4  to  6  week  period  in  the  spring  (D.  Coleman,  G. 
Wall,  personal  communication).  By  failing  to  adequately 
sample  this  period  of  the  year,  the  relative  importance  of 
targeted  lands  (i.e.  areas  with  a  High  overland  delivery 
potential)  appears  to  be  considerably  reduced. 

The  bed  sediment  samples  collected  were  dominated  by  very 
fine  sand.  Although  concentrations  of  TP  were  correlated 
with  this  grain  size  fraction,  concentrations  of  trace 
metals  were  not.  Trace  metal  concentrations  were  correlated 
with  the  finer,  silt  fraction  which  was,  however,  poorly 
represented  in  the  bed  sediment  samples.  Because  of  the 
trace  metals'  strong  affinity  for  this  sediment  fraction  it 
is  important  to  better  sample  these  finer  sediments  to  more 
accurately  evaluate  the  trace  metal  contributions  of  the 
subbasins . 
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5 .0   Conclusions  and  Recommendations 
Conclusions 

1.  Exceedances  of  PWQO  (or  other  environmental  standards) 
for  FC,  TSS,  TP,  Cu,  Pb  and  Cd  occurred  under  wet  and 
dry  conditions  throughout  the  Upper  Humber  watershed. 
The  magnitude  and  frequency  of  exceedance  varied  with 
season,  with  wet  versus  dry  conditions,  with 
characteristics  of  the  storm  events  and  with  seasonal 
changes  in  land  use  activities.  Sampling  results  under 
dry  conditions  in  December  (Dry  Event  3)  indicated 
lowest  pollutant  concentrations  and  loadings.  No  PWQO 
exceedances  of  Zn  occurred  in  the  synoptic  survey,  but 
Zn  bed  sediment  levels  on  the  East  Humber  at  Woodbridge 
(E-8)  and  downstream  of  King  City  -  Oak  Ridges  (E-2) 
exceeded  Open  Lake  Disposal  Guidelines  (OLDG).  No  other 
OLDG  exceedances  were  detected  in  bed  sediment. 

2.  Pecal  Coliform  and  TP  concentrations  showed  similar 
trends  throughout  the  watershed.  Although  the  frequency 
of  exceedance  was  high  under  both  dry  and  wet 
conditions,  the  magnitude  of  exceedance  was  much  greater 
in  wet  weather.  Exceedances  were  particularly  frequent 
in  the  lower  parts  of  the  watercourses,  particularly  in 
the  Bolton-Woodbridge  area.  Sampling  of  point  source 
inputs  in  this  area  suggests  that  urban  sources  may  be 
partially  responsible  for  these  elevated  FC  and  TP 
concentrations.  However,  livestock  access  was  extensive 
between  Bolton  and  Woodbridge  and  this  could  algo  be 
contributing  to  higher  parameter  levels. 

Extensive  areas  of  livestock  access  occurred  throughout 
the  West  Humber  and  on  the  East  Humber  east  of  Nobleton. 
A  number  of  subbasins  in  the  East  Humber  watershed  also 
exhibited  high  overland  sediment  delivery  potential. 
The  combined  effect  of  livestock  access  and  overland 
sediment  delivery  from  these  areas  may  help  to  explain 
the  FC  and  TP  exceedances  in  the  lower  parts  of  these 
watercourses . 
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3.  Total  suspended  solids  concentrations  in  excess  of  25 
mg/1  were  rare  in  dry  weather  and  generally  occurred  in 
downstream  subbasins.  Dry  weather  loading  trends  were 
similar  in  that  they  were  greatest  in  the  lower 
subbasins  {i.e.  south  of  Bolton  H-ll,  H-14,  H-15). 
Urban  development  and  livestock  access  problems  may  be 
aggravating  stream  bank  and  channel  erosion  throughout 
these  subbasins. 

During  the  West  Event,  the  main  Humber  and  its 
tributaries  north  of  Albion  Hills  made  a  relatively 
greater  contribution  to  TSS  loading  at  Steeles  Avenue 
than  during  dry  events.  Tributary  subbasins  there 
(H-4(T),  H-55(T))  had  some  of  the  largest  areas  of  high 
overland  sediment  delivery  potential.  Large  increases 
in  Wet  Event  loadings  also  occurred  through  Bolton  (H-9) 
and  south  of  Woodbridge  (H-17). 

4.  Copper  concentrations  usually  exceeded  PWQO  throughout 
the  watershed  except  during  Dry  Event  3.  The  frequency 
and  magnitude  of  exceedances  were  similar  in  dry  and  wet 
conditions  suggesting  that  Cu  concentrations  in  surface 
waters  during  summer  baseflow  situations  may  be 
comparable  to  concentrations  in  storm  event  runoff  from 
land  surfaces.  Diffuse  atmospheric  inputs  are  the  most 
probable  source. 

5.  Lead  concentrations  rarely  exceeded  PWQO  during  Dry 
Events  1  and  3,  but  during  wet  weather  conditions,  Pb 
concentrations  increased  slightly  and  exceedances  were 
more  common.  However,  in  Dry  Event  2  under  low  flow 
conditions  widespread  Pb  exceedances  occurred  suggesting 
that  the  capacity  of  the  watershed  to  dilute  dry  weather 
inputs  was  reduced.  Diffuse  atmospheric  inputs  are  the 
most  probable  source. 
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Cadmium  exceedances  occurred  at  over  three-quarters  of 
the  sampling  stations  during  Dry  Event  3.  No 
exceedances  occurred  during  Dry  Event  3.  During  wet 
weather,  however,  both  the  magnitude  and  frequency  of 
exceedance  increased  dramatically  at  most  stations.  Cd 
inputs  to  watercourses  occur  primarily  from  localized 
overland  sources  and  are  facilitated  by  storm  event 
runoff. 

Weather-related  changes  in  subbasin  flow  contributions 
were  significant.  The  West  Humber  River  was 
intermittent  along  most  of  its  length  in  summer  dry 
conditions,  yet  discharge  at  Steeles  Avenue  during  the 
Wet  Event  rivalled  that  of  the  main  Humber  at  Steeles 
Avenue.  This  response  may  be  partially  explained  by 
topography  and  soil  type.  The  drainage  basin  of  the 
West  Humber  is  relatively  flat  and  surface  soils  are 
clayey  and  poorly  drained,  typical  of  the  Peel  Plain. 
During  storm  events,  the  combination  of  poor  soil 
permeability  and  low  relief  result  in  rapid  overland 
transport  of  much  of  the  precipitation  directly  to  the 
watercourse;  there  is  little  opportunity  for  groundwater 
recharge.  These  runoff  characteristics  result  in  high 
stream  discharges  during  storm  events.  Discharges  in 
dry  weather  remain  low  because  the  baseflow  component 
due  to  groundwater  is  minimal.  Because  of  these 
discharge  characteristics,  the  pollutant  contribution  of 
the  West  Humber  River  downstream  of  Steeles  is  likely 
important  only  during  substantial  runoff  events.  Its 
influence  on  the  main  Humber  is  unknown  because  all 
discharges  and  pollutant  loads  are  mediated  by 
Claireville  Reservoir. 

During  dry  weather,  the  Humber  River  discharge  at  Albion 
Hills  (27%  of  the  drainage  basin)  represented  over  50% 
of  the  discharge  at  Steeles  Avenue.  The  East  Humber 
discharge,  at  its  confluence  with  the  main  Humber, 
represented  30  to  40%  of  the  Humber  River  discharge  at 
Steeles . 
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During  the  Wet  Event,  discharge  contributions  changed 
dramatically.  The  main  Humber  between  its  confluence 
with  the  East  Humber  and  Steeles  Avenue  (H-17) 
contributed  30%  of  the  discharge  at  Steeles  although  it 
represents  only  10.4%  of  the  watershed  area.  Rainbow 
Creek,  a  tributary  entering  the  Humber  within  this 
subbasin  and  urban  areas  of  Woodbridge  may  be 
responsible  for  the  increased  discharge  contribution. 
Discharge  contributions  from  the  Humber  River  north  of 
Albion  Hills  and  from  the  East  Humber  dropped  to  about 
30%  and  22%  of  total  flow,  respectively. 

8.  Tributaries  were  among  the  subbasins  with  the  largest 
area  of  high  overland  sediment  delivery  potential  (H-10 
(T),  H-4(T),  H-55(T),  E-7(T)).  The  Humber  River  near 
Bolton  and  the  East  Humber  upstream  of  Kleinburg  also 
had  large  areas  of  high  overland  sediment  delivery 
potential.  In  total  about  7500  ha  of  land  were  targeted 
comprising  12-13%  of  West  Humber  drainage  area. 

9.  Stream  bank  erosion  was  most  extensive  along  the  West 
Humber,  the  main  Humber  between  Bolton  and  Woodbridge 
(H-ll,  HO-14,  H-15)  and  the  East  Humber  between  Nobleton 
and  Kleinburg  (E-6).  Impacts  from  small  urban  centres 
and  livestock  access  may  be  aggravating  bank  erosion 
problems  in  these  areas.  The  West  Humber  River  had  the 
greatest  erosion  area  per  unit  length  followed  by  the 
East  Humber,  then  the  main  Humber. 
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Recommendations 

1.  Water  quality  problems  in  the  Upper  Humber  watershed, 
although  not  of  the  magnitude  of  those  occurring  in  the 
lower  Humber,  cannot  be  discounted  in  the  development  of 
a  water  management  strategy  if  PWQO  are  to  be  achieved. 
Note  that  the  implementation  of  pollution  control 
measures  in  the  predominantly  rural  Upper  Humber 
watershed  and  the  achievement  of  at  least  local 
compliance  with  PWQO  would  be  less  costly  than  the 
initiation  of  control  options  for  the  lower  Humber 
River . 

2.  It  is  recommended  that  the  MTRCA  coordinate  an  abatement 
program  with  MOE  Central  Region,  the  Ontario  Ministry  of 
Agriculture  and  Food,  and  municipalities  beginning  with 
point  source  inputs  and  those  livestock  access  problems 
immediately  upstream  of  the  swimming  areas  in  the 
Claireville  and  Boyd  Conservation  Areas,  Water  quality 
problems  in  the  Upper  Humber  watershed  also  cause 
localized  water  quality  degradation.  Of  particular 
significance  is  the  loss  of  public  swimming  facilities 
at  Claireville  Reservoir  (West  Humber  River)  due  to 
fecal  contamination.  Livestock  access  problems  were 
extensive  in  the  West  Humber  and  in  the  upper  reaches  of 
the  East  Humber,  and  point  sources  were  also  identified 
in  the  East  Humber  north  of  Boyd.  It  is  suspected  that 
these  problems  contribute  to  the  contamination  of 
conservation  area  beaches  and  could  be  abated  through 
remedial  measures  such  as  livestock  fencing  and  further 
investigation  and  abatement  of  point  source  problems. 
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3.  More  thorough  evaluation  of  the  behaviour  of 
non-conservative  parameters  (i.e.  FC,  TP)  should  be 
conducted  in  the  Upper  Humber  watershed  to  determine  the 
potential  effects  of  these  parameters  on  the  lower 
Humber  River.  This  would  involve  obtaining  information 
on  the  survival  of  bacteria  and  time  to  travel  in  the 
watercourses . 

4.  In  view  of  the  close  association  between  TSS  and 
contaminants,  the  role  of  sediment  in  pollutant 
transport  should  be  further  investigated.  Where  trace 
metals  are  of  interest,  sampling  suspended  as  oppose  to 
bed  sediment  may  prove  more  beneficial. 

5.  The  present  and  potential  impacts  of  Claireville 
Reservoir  on  downstream  quality  should  be  evaluated. 

6.  Seasonal  trends  in  contaminants  loadings  of  the  Upper 
Humber  watershed  should  be  further  investigated.  There 
is  a  particular  need  for  more  information  pertaining  to 
spring  runoff.  Additionally,  more  detailed 
characterization  of  storm  events  is  required,  as 
relative  subbasin  contributions  seemed  to  vary  between 
storms. 

7.  The  significance  of  identified  point  sources  to  instream 
water  quality  should  be  evaluated  with  corrective 
measures  initiated  as  required. 

8.  The  relative  importance  of  stream  bank  erosion  and 
livestock  access  to  instream  water  quality  needs  to  be 
further  evaluated,  especially  in  the  area  between  Bolton 
and  Woodbridge. 

9 .  A  study  should  be  conducted  to  assess  the  impacts  of 
ongoing  and  future  land  use  changes  within  the  Upper 
Humber  watershed. 
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10.  Pathways  (e.g.  dry  atmospheric  fallout,  precipitation, 
ground  water)  by  which  Cu  and  Pb  enter  the  Upper  Humber 
system   should   be    further    investigated. 

11.  The  MTRCA  should  continue  to  apply  the  Soil  Loss  Mapping 
technique  to  other  agricultural  lands  in  its 
jurisdiction  and  verify  and  evaluate  the  results 
provided   by    this    methodology. 
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APPENDIX  1 
FIELD  INVENTORY  METHODS 


Field  Inventory  Methods 

The  purpose  of  the  field  inventory  was  two-fold:  firstly, 
to  identify  potential  sources  of  pollution  in  the  Upper 
Humber  watershed  (both  point  and  non-point  sources)  and, 
secondly,  to  inventory  all  stream  bank  erosion  sites. 
Two-person  crews  walked  watercourses  from  mouth  to  source. 
Each  crew  member  was  responsible  for  recording  pertinent 
information  for  one  of  the  two  stream  banks.  Data  were 
recorded  on  "Unit  Forms"  and  topographic  maps  of  the  area. 
An  example  of  a  Unit  Form  is  presented  in  Table  A.1.  An 
explanation  of  the  Unit  Form  follows. 

A.  Identification 

Watercourse  Name  referred  to  the  topographic  map  name  of  the 
watercourse.  If  no  topographic  name  existed,  local  names  or 
assigned  names  were  used. 

The  Drainage  system  inventoried  was  indicated  by  circling 
either  WH  (West  Humber  River),  H  (Humber  River),  or  EH  (East 
Humber  River ) . 

Units  were  designated  on  topographic  maps  prior  to  the 
commencement  of  field  work.  The  watershed  was  disaggregated 
on  the  basis  of  major  landmarks,  primarily  concession  roads. 
Each  section  of  a  watercourse  between  landmarks  was  assigned 
an  identification  code  and  called  a  "Unit". 

B.  Problem  Land  Use 

Problem  land  use  sites  were  numbered  consecutively  within 
each  unit  when  identified.  Locations  were  marked  on  topo- 
graphic maps  with  site  numbers  prefixed  with  a  "U"  to  dis- 
tinguish these  problem  land  use  sites  from  point  source 
inflows  (prefix  "I")  and  erosion  sites  (prefix  "E"). 

Livestock  Access  -  Areas  where  livestock  such  as  cattle, 


horses,  pigs  had  access  to  the  watercourse,  or  where  fences 
were  absent  or  ineffectual.  If  no  animals  were  seen,  live- 
stock access  could  still  be  noticeable  from  grazed  vege- 
tation, hoof  tracks,  fecal  droppings,  or  other  signs. 

Riparian  Tillage  -  This  referred  to  the  ploughing  of  fields 
or  planting  of  crops  within  100  m  of  the  stream  edge  (in  the 
"riparian"  zone)  without  an  adequate  (>10  m  wide)  buffer 
strip  of  vegetation. 

Improper  Tillage  -  Generally  speaking,  this  referred  to  the 
lack  of  contour  ploughing,  that  is,  land  which  had  been 
ploughed  parallel  to  the  slope  of  the  land  rather  than 
perpendicular  to  it. 

Construction  Site  -  Self-explanatory. 

Intensive  Recreation  -  Parks,  golf  courses,  riding  trails, 
swimming  areas,  etc. 

Grass  Cutting  -  Areas  where  there  were  lawns  adjacent  to  the 
watercourse  (within  100  m)  and  an  adequate  buffer  strip  (>10 
m  wide)  was  lacking.  Such  areas  were  common  in  conservation 
areas  and  golf  courses,  but  also  occurred  at  private  resi- 
dences . 

Feedlot  -  Livestock  feedlots  located  within  100  m  of  the 
watercourse. 

Manure  Storage  -  Farm  manure  piles  found  within  100  m  of  the 
watercourse . 

Impervious  Surface  -  Areas  with  little  or  no  capacity  for 
retention  of  water.  These  included:  residential  areas, 
parking  lots,  and  industrial /commercial  areas  such  as  plazas, 
industrial  parks,  etc. 

Debris  -  Garbage  dumping,  abandoned  automobiles,  etc. 


Degree  of  Problem  -  A  subjective  evaluation  of  the  degree  of 
the  problem.  This  could  refer  to  the  areal  extensiveness  of 
the  problem,  for  example,  riparian  tillage  along  a  500  m 
length  of  watercourse  as  opposed  to  a  50  m  length,  or  to  the 
intensiveness  of  the  problem,  for  example,  dumping  of  house- 
hold garbage  as  opposed  to  construction  site  debris. 

C.   Point  Source  Inflows 

All  locations  of  inflowing  water  were  identified  on  topo- 
graphic maps  and  described  on  Unit  Forms.  These  included 
inflow  points  which  were  dry  at  the  time  of  the  field  inven- 
tory . 

Site  No.  -  Point  source  inflows  were  numbered  consecutively 
from  one  within  each  unit,  and,  on  the  topographic  maps, 
prefixed  with  an  "I". 

Discharge  was  described  in  terms  of  flow,  width  and  depth. 
A  subjective  estimate  of  Flow  was  given  as  either  Dry, 
Trickle,  Moderate  or  Fast.  Width  referred  to  the  width  of 
water  in  the  case  of  unregulated  flowing  inputs  such  as 
tributaries  or  drainage  ditches  and  to  width  of  the  channel 
in  the  case  of  dry  or  regulated  inputs.  Depth  was  the  depth 
of  water  at  the  middle  of  the  inflow  and  was  recorded  for 
flowing  sources  only. 

Temperature  was  measured  by  submersing  a  thermometer  in  the 
inflowing  water  for  at  least  one  minute. 

Conductivity  was  measured  using  a  conductivity  bridge  when 
avai 1  able . 

The  Colour  of  the  inflowing  water  was  described  as  Clear, 
Yellow-Brown,  Blue-Green,  Turbid,  or  Other. 

Source  -  An  indication  of  the  probable  source  of  the  inflow. 


For  example,  "outflow  from  farm  pond",  "runoff  from  road", 
"factory",  etc. 

D.   Erosion  Sites 


All  stream  erosion  sites  were  documented,  whether  strictly 
stream  bank  erosion  sites  or  sites  in  which  the  stream  bank 
was  coincident  with  valley  wall  erosion.  Valley  wall  erosion 
which  was  not  coincident,  that  is,  where  there  was  a  flood- 
plain  separating  the  stream  bank  from  the  valley  wall,  was 
not  included. 

Site  No.  -  Again,  this  referred  to  the  erosion  site  number 
as  indicated  on  the  topographic  map.  Sites  were  numbered 
consecutively  within  each  unit. 

Length  -  Estimated  total  length  of  the  erosion  site. 

Average  Height  -  Estimated  average  height  of  the  erosion 
site.  If  there  were  large,  abrupt  changes  in  height  at  an 
erosion  site,  for  example,  as  occurs  when  a  stream  bank 
erosion  site  is  continuous  with  a  coincident  erosion  site, 
the  sites  were  considered  separately. 

Average  Slope  -  Estimated  average  slope  of  the  erosion  site. 
For  our  purposes,  the  slope  was  defined  as  the  angle  between 
the  face  of  the  eroding  bank  and  the  horizontal.  Slopes 
greater  than  90  degrees  could  occur  in  the  case  of  undercut, 
overhanging  banks. 

Area  -  Calculated  as: 

Area  =  (length  x  average  height  )/s ine  (average  slope) 


Type  -  An  indication  of  whether  the  erosion  was  Coincident 
or  Stream  Bank  and  whether  coincident  erosion  was  Sheet  or 
Gully.  The  face  of  a  coincident  site  undergoing  sheet 
erosion  is  relatively  smooth  since  water  washes  over  it  in  a 
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broad,  thin  "sheetflow".  Conversely,  a  coincident  site  with 
gully  (rill)  erosion  has  deep  troughs  cut  down  its  slope  as 
a  result  of  the  surface  runoff  being  largely  concentrated 
into  discrete  channels. 

Aspect  -  An  indication  of  whether  the  erosion  site  occurred 

on  a  Straight  stretch  of  river  or  on  a  Bend  in  the  river. 

One  erosion  site  could  conceivably  encompass  both  a  straight 
stretch  and  a  bend. 

Active  Time  -  An  indication  of  when  the  watercourse  would 
erode  the  site.  If  water  was  contacting  the  erosion  site, 
Normal  Flow  was  indicated.  If  the  erosion  site  was  not  at 
all  contacted  by  water,  but  it  appeared  that  it  would  be 
contacted  during  higher  flows,  High  Flow  was  chosen. 

Dominant  Soil  Type(s)  -  The  dominant  type  or  types  of  soil 
comprising  the  erosion  site  were  identified.  Loam  is  a  soil 
consisting  of  an  easily-crumbled  mixture  of  clay,  silt,  and 
sand.  Loams  cover  a  large  area  of  the  Humber  watershed  and 
were  encountered  at  most  erosion  sites.  Sand/Gravel  refers 
to  gritty  material  originating  from  crystalline  rock.  Sand 
particles  are  smaller  than  gravel,  usually  less  than  0.2  cm 
in  diameter.  Gravel  is  composed  of  loose  rounded  fragments 
of  rock  between  0.2  and  8  cm  in  diameter.  Clay  is  a  smooth 
material  of  inorganic  origin  with  a  greasy  feel  between  the 
fingers  and  no  apparent  structure.  It  hardens  considerably 
when  dry.  Rock  refers  to  all  exposed  rock  with  no  over- 
burden. Shale  is  one  of  the  more  common  rock  types  com- 
prising erosion  sites  in  the  Upper  Humber  watershed. 

Vegetative  Cover-Face  -  An  estimate  of  the  extent  to  which 
the  face  of  the  erosion  site  was  vegetated. 

Crest-Dominant  Vegetation  -  The  dominant  type  of  bank  vege- 
tation along  the  crest  (top)  of  the  erosion  site.  This 
entailed  the  area  within  approximately  3  to  5  m  of  the  face 


of  the  erosion  site.  Whether  or  not  livestock  grazed  in 
this  area  was  indicated. 

Erosion  Rate  -  A  subjective  estimation  of  the  erosion  rate 
at  the  site,  either  Low,  Medium,  or  High.  Signs  of  crest 
slumping  were  noted. 

E.   Unit  Summary 

In  this  section  of  the  form  crew  members  had  the  opportunity 
to  expand  upon  observations  they  considered  significant  and 
to  generally  document  their  overall  impression  of  the  unit 
they  had  walked  through.  The  unit  summary  was  completed  at 
the  end  of  each  unit.  If  more  than  one  day  was  required  to 
complete  a  unit,  a  unit  summary  was  filled  out  each  day  for 
the  portion  inventoried  that  day. 
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t.    UNIT  SUHMAHV 


MATCH   TEMPERATURE 


AIR  TEMPEEATURE  £  TIM 


B»a PRECIPITATION   TOOAX:  *  H  PRECIPITATION    YESTUIfiAX .    Y  H 

B— ■»  WATERCOURSE  CHARACTERISTICS 


AVERAGE  WIDTH  .  ».  AVERAGE  DEPTH 


STREAM  M0KFBOL0GY : 


STRKAMBED  COMPOSITION: 


CESERAX  CONDITION  OF  STREAM  BANKS  (Sltmpinq,  «IC.  1 


DOMINANT  ADJACENT  LAND  USES 


POLLUTION  OCCURRENCE 


MAJOR  AREAS  OF  SEDIMENT  DEPOSITION 


TOTAL  NUMBER  OF  W*tT  FORMS  USED  ::i  THtS  JNtT 


APPENDIX  2 
WATER  QUALITY  DATA 


Notes  for  Appendix  2 


Abbreviation  Variable 

Q  instantaneous  discharge 

TSS  total  suspended  solids 

TDS  total  dissolved  solids 

COND  conductivity 

OP  orthophosphate 

TP  total  phosphorus 

BOD  biochemical  oxygen  demand 

Cu  copper 

Pb  lead 

Cd  cadmium 

Zn  zinc 

TKN  total  kjeldahl  nitrogen 

AMM-N  ammonia  nitrogen 

NOj"  nitrate 

NOj"  nitrite 

FC  fecal  conforms 

EC  Escherichia  col  i 
FS  (M-ENT)          fecal  streptococcus  (M-enterococcus ) 

FS  (M-E)  fecal  streptococcus  (M-E) 

FS  (K-F)  fecal  streptococcus  (K-F) 

PA  Pseudomonas  aeruginosa 

NA  •  no  data  available 


SYNOPTIC  SURVEY 


SYNOPTIC  SURVEY 

Water  Chemistry  Data  -  June  20,  1984 


STATION      TSS        TDS       COND  AMM-N      TKN       N03-N 

(mg/1)     (mg/1)  (umhos/cm2 )   (mg/1)  (mg/1)     (mg/1) 

H-1  16/8  300/300  420  .04  .45  9.6 

H-2  4  320  450  .05  .49  3.7/3.7 

H-3  16  310  400  .06/. 04  .29  2.1 

H-4(T)  4  300  410  .02  .50  2.2 

H-5(T)  16  250  400  .02  .24         .60 

H-6  8  300  400  .03  .29/. 22  1.47 

H-7  24  260  460  .04/. 04  .34  1.60 

H-9  28  310  400  .03  .56  3.7 

H- 1 0 (T)  12  290  450  .01/. 01  .13         .60 

H-11  48/52  280/270  450  .05  .41  2.5/2.3 

H- 14  124  260  420  <.01  .46/. 39  2.2 

H-15  64  300  430  .02  .46/. 52  1.71 

H - 1 6 ( T )  12  600  750  .07/. 04  .71  1.34 

H-17  60  350/350  480  .01  .46/. 43  1.90 

E-1  28  370  560  .05/. 04  .69  1.19 

E-2  28  360  560  .06  .60         .85 

E-3(T)  16  390  560  .03  .49         .72 

E-4  20  350  520  .07  .55/39       .91 

E-5(T)  16/28  430  680  .01/. 01  .53         .41 

E-6  32/28  290/290  480  .01  .33/. 33     .80 

E-7(T)  12  400  570  .02/. 02  .21  1.27/1.22 

E-8  48  200  550  .02  .26         .54 

W-1  24  280  450  .01  .26/  .33      .05 

W-2  12  360  580  .02/. 02  .38         .15 

H-3  16/16  330/350  500  <.01  .36         .10 

W-4(T)  56  370  550  -  0 1 /< .  0 1  .45         .09 

W-5(T)  96  270  480/470  .03  .58/. 60  10.4 

W-6  32  350  500/490  .03  .47  2.8 

W-7(T)  12/24  550/540  770  .04  .60         .30 

W-8(T)  12  460  700/700  < . 0 1  .48          .08 


SYNOPTIC  SURVEY  (Continued) 

Water  Chemistry  Data  -  June  20,  1984 
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0.0: 

0 

7 

0.014 

n 

0  i  5 

S£ 

W-15 

1 

0.004 

*l 

290 

400 

0 

.01 

0 ,  02 

0 

1 

0.02s 

'.'  1  z 

W 

i 

0.004 

- 

2S0 

400 

0 

02 

0.02 

- 1 

j 

0.012 

'.' 

'■: '. i 

■i** 

3 

0.003 

* 

292 

400 

1) 

.OS 

0.02 

] 

t 

O.vlS 

31; 

■I1- 

UPPER  HUHBER  RIVER  STUDY 

MICROBIOLOGICAL  DATA  -  DRY  EVENT  1  -July  23-2"',  1984) 


***  VALUES  LISTED  AS  COUNTS/ iOOml  *« 


STATION 

BAY 

FC 

EC 

FS 
IIHST) 

FS 
(IK! 

FS 
IK-F)  1 

KF 
5Urcfc+) 

FA 





■  ■—i  ■.■■  —  ■ 

-—-_-.. 

„____ 

_,_* - 



""H:i7 

I 

92 

92 

72 

20 

124 

<4 

1* 

2 

156 

148 

7? 

4 

34 

<:4 

8 

3 

44 

44 

52 

4 

100 

B 

19 

4 

196 

la2 

140 

20 

228 

20 

83 

5 

240 

224 

148 

24 

204 

2«5 

27 

H-18 

1 

180 

180 

124 

4 

44 

[0 

2 

360 

360 

56 

J 

96 

16 

e 

3 

90 

80 

56 

4 

74 

12 

14 

4 

144 

144 

148 

36 

240 

16 

37 

5 

310 

300 

196 

20 

144 

g 

19 

H-19 

1 

208 

208 

4S 

4 

112 

<:4 

14 

: 

396 

384 

26 

10 

136 

4 

12 

3 

56 

56 

9 

16 

116 

10 

4 

4 

220 

220 

76 

30 

450 

20 

5 

152 

148 

140 

16 

340 

■4 

38 

H-ll 

1 

180 

176 

60 

16 

38 

<4 

;■ 

2 

96 

96 

72 

24 

168 

10 

8 

3 

136 

136 

mm 

12 

340 

3 

,; 

4 

580 

580 

152 

60 

176 

B 

IS 

5 

460 

450 

152 

28 

136 

30 

12 

H-IO(T) 

I 

136 

132 

236 

69 

120 

8 

7 

I 

452 

436 

320 

128 

172 

"**? 

4 

3 

104 

104 

420 

100 

900 

10 

14 

4 

104 

100 

420 

120 

620 

36 

to 

5 

260 

188 

420 

144 

370 

in 

14 

IH 

1 

1T1 

208 

160 

60 

152 

12 

D 

2 

320 

220 

!99 

60 

128 

20 

LI 

3 

152 

152 

104 

12 

108 

S 

-. 

4 

400 

7?0 

"TJ 

29 

204 

20 

4 

5 

700 

6?Q 

348 

104 

290 

32 

L 

H-9 

I 

76 

74 

ss 

12 

160 

16 

3 

2 

68 

II 

70 

IS 

184 

10 

4 

3 

*2 

16 

6 

224 

4 

4 

4 

'.84 

!34 

100 

10 

370 

% 

~ 

5 

!75 

164 

194 

44 

350 

2Q 

19 

H-9 

1 

L52 

152 

224 

40 

64 

4 

T 

4. 

200 

200 

188 

36 

132 

10 

2 

3 

80 

80 

144 

20 

550 

12 

B 

4 

64 

64 

192 

60 

510 

16 

9 

5 

208 

200 

260 

34 

580 

24 

8 

H-55(T) 

I 

70 

70 

24 

4 

650 

4 

2 

2 

40 

40 

20 

8 

340 

<4 

0 

3 

20 

20 

12 

12 

950 

4 

1 

4 

20 

20 

25 

i 

870 

<4 

n 

5 

<10 

CIO 

24 

8 

720 

4 

0 

dPPEP  DUMBER  PI7EF  STUD'' 
M1CRGBIGL06ICAL  DATA  -  DRY  EVENT  ! 


•Julv  23-27, 1=84) 


***  VALUES  LISTEQ  AS  COUNTS:'  lOOsL  *** 


STATION 

DAY 

FC 

EC 

SH-EST) 

FS 
(M-n 

FS 
<K-F!: 

KF 

Starch*) 

PA 

"h-2 

.... 

11*9 

1050 

830 

320 

540 

"4 

1 

*% 

5000 

4600 

750 

140 

580 

30 

** 
j 

3 

300 

250 

140 

12 

160 

S 

0 

4 

1200 

1200 

710 

400 

750 

12 

.. 

5 

1930 

1770 

1110 

300 

610 

HO 

B 

H-20 

t 

540 

540 

410 

132 

154 

8 

0 

2 

230 

230 

7°0 

40 

12 

n 

3 

150 

150 

400 

T1^ 

710 

,4 

4 

4 

210 

210 

670 

300 

790 

is 

_ 

5 

310 

300 

740 

380 

790 

(A 

t 

E-B 

1 

570 

650 

590 

240 

196 

160 

g 

2 

250 

260 

216 

1090 

260 

24 

6 

3 

160 

130 

128 

60 

160 

40 

6 

4 

190 

190 

160 

120 

204 

20 

4 

5 

1140 

1140 

384 

144 

49(i 

<4 

c 

E-» 

I 

130 

120 

24 

'4 

ft" 

■'4 

3 

1 

20 

20 

sO 

16 

68 

.4 

7 

- 

- 

10 

-to 

24 

<4 

94 

<'4 

• 

4 

30 

80 

52 

50 

96 

.'4 

" 

5 

3300 

3200 

m 

100 

!48 

24 

1 

E-4 

1 

94 

34 

B8 

20 

90 

49 

T 

2 

184 

18* 

155 

52 

508 

j2 

14 

3 

36 

36 

96 

20 

104 

20 

2 

4 

7j 

36 

240 

56 

175 

32 

t 

5 

100 

100 

176 

48 

136 

9 

e 

E-4 

1 

740 

610 

610 

120 

198 

32 

!59 

230 

230 

196 

50 

224 

28 

i 

7 

200 

ISO 

152 

12 

250 

25 

i 

4 

250 

260 

670 

272 

690 

130 

334 

5 

320 

310 

580 

108 

384 

140 

75 

E-2 

1 

460 

460 

228 

55 

128 

*~ 

13 

2 

330 

320 

332 

72 

156 

28 

13 

3 

100 

100 

216 

48 

800 

12 

4 

4 

90 

■  90 

440 

120 

470 

24 

9 

: 

1:0 

150 

84 

540 

20 

9 

N-4 

1 

BO 

80 

92 

10 

64 

16 

*1 

•> 

48 

40 

44 

1 

40 

(4 

T 

- 

8 

8 

28 

<4 

116 

i 

^ 

4 

200 

160 

100 

4 

76 

12 

M 

5 

276 

276 

168 

M 

132 

32 

1] 

U-5IT) 

1 

190 

190 

132 

4 

112 

40 

"" 

i 

130 

130 

108 

4 

156 

24 

1 

3 

70 

70 

M 

4 

252 

7* 

T 

4 

130 

130 

290 

■»*) 

540 

28 

9 

s 

150 

130 

228 

?: 

238 

16 

20 

UPPER  NUMBER  RIVER  STUDY 

MICROBIOLOGICAL  DATA  -  DRY  EVENT  I  (July  23-27,1964) 


#«  VALUES  LISTED  A3  COUHTS/lOOaL  *H 


STATION 

DAY 

FC 

EC 

FS 
(H-ENT) 

FS 
(N-E) 

(K-F) 

KF 
Starch-*-) 

PA 



_.„ 

.—.-.—- 

-..-_....- 

n 



w— Io7t> 

"  I 

250 

250 

300 

68 

188 

40 

4 

2 

270 

270 

520 

52 

410 

<4 

? 

3 

200 

200 

2i4 

64 

192 

s 

5 

4 

410 

370 

650 

104 

360 

60 

^ 

5 

570 

570 

710 

116 

490 

4 

9 

M 

1 

220 

220 

270 

120 

120 

P 

/ 1% 

2 

1000 

10O0 

330 

!72 

230 

<4 

n 

3 

100 

TO 

ue 

T- 

220 

i 

3 

4 

280 

280 

375 

7; 

112 

20 

0 

5 

2700 

2700 

3TO 

134 

300 

20 

! 

W-2 

1 

4100 

4100 

1860 

350 

1550 

<4 

a 

2 

6700 

4700 

2300 

560 

360 

<:4 

24 

3 

4400 

4300 

1700 

490 

1370 

<4 

5 

4 

2450 

2410 

1670 

420 

380 

.  a 

3 

5 

3000 

3000 

2030 

510 

1890 

m 

120 

DRY    EVENT    2 


UPPER  HUMBER  RIVER  STUDY   - 

CHEMICAL  DATA  -  DRV  EVENT  2  (August  27-2?  i  SeotetQer  4, 1984) 

'j'tsrisks  indicite  «et  weather  dsvs) 


STATION 

BAY 

g 

135 

TD3 

CDND 

OP 

TP 

BOD 

Cu 

Pb 

Cd 

lets] 

1«}/1I 

<i<j/t) 

Uahos 

tif/15 

■nig/I) 

(jMf/l! 

'tq/1.1 

■ig/1) 

l.iQ.'l! 
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H-17 

1 

1.24 

30 

275 

140 

0.004 

0.059 

10. 5 

0.0085 

0.0" 

0.OO05 

•> 

1.2 

295 

440 

0.006 

0.05 

1.4 

n  .in? 

0.018 

ftft* 

3  * 

3.62 

700 

312 

432 

0.042 

0.42 

1    c 

0.042 

0.032 

"• .  0 ':  2 

4  i 

3.s2 

170 

298 

4t5 

0.024 

0.23 

0.8 

0.008 

0.058 

.0.0005 

H-15 

1 

0.9?2 

44 

265 

435 

0.006 

0.099 

1.2 

0  01 ' 

0  r.'" 

9.  "01 

2 

0.95 

4! 

295 

430 

0.009 

0.0" 

1.4 

0,00c 

0.0!  6 

;  0.0005 

t  * 

♦.16 

820 

290 

400 

0.052 

0.158 

3. 1 

".038 

■:,     .- 

■'.  .■••• 

4  * 

2. at 

202 

295 

445 

0 .  022 

0.26 

1     n 

;.,  )57« 

0.056 

,,,;,;,- 

H-14 

1 

1.03 

30 

260 

425 

0.009 

0.088 

1.3 

O.O075 

A ,  a?' 

ii.i.i 

n 

0.984 

14 

85 

420 

0.013 

0.023 

1. 7 

•J.  014 

0.02* 

;   rV'ft* 

3  * 

3,77 

640 

250 

390 

0.0* 

0.65 

2.3 

0.034 

/■•  mi 

'.'.  M 

4  * 

2.72 

155 

285 

MB 

0.024 

0.23 

1.2 

0.00" 

0.057 

- 

H-|l 

1 

0.998 

2* 

275 

440 

0.015 

0.07 

1.1 

0.0055 

9.028 

B 

* 

0.971 

24 

320 

445 

0.013 

0.05 

1.2 

0.003 

0  ,  '■  i  8 

"   : 

3  * 

2.2 

770 

395 

270 

0.074 

0.94 

4.6 

0 ,049 

0.119 

0.016 

4  * 

2.48 

100 

295 

440 

0.019 

0.13 

I 

0.012 

0.052 

0.0005 

H-!0(T> 

1 

0.213 

4 

290 

455 

0.01 

0.019 

A,  c 

0.0075 

0.038 

0,  00; 

»5 

ft  "7 

- 

290 

45! 

0.009 

0. ':".'. 

O.3 

. '": 

0.014 

0.0OO5 

3  * 

0.504 

30 

270 

385 

0.024 

0.114 

1.2 

■■i  .013 

0,034 

0.0039 

4  ♦ 

0.283 

14 

290 

450 

0.019 

0.042 

0.4 

0.0035 

0,044 

(  fiftftj 

H-° 

I 

0.354 

id 

280 

460 

0.031 

0.071 

1.3 

0.036 

0.036 

0.0003 

2 

0.854 

15 

320 

455 

0.011 

0.02 

1.6 

0.0075 

0.0!  a 

.;  0,000! 

3  » 

1.579 

210 

310 

445 

0.036 

0.216 

.-J 

0.018 

0.042 

0.0055 

4  t 

1    ie 

74 

310 

440 

0.032 

0.092 

j 

0.0076 

':.  ':* 

;,    ;,^:;c 

H-73 

i 

0.773 

c 

270 

420 

0.006 

0.026 

1 

0.016 

0 .023 

fl  ..?.;,*. 

1 

£ 

0.773 

3 

285 

418 

0.007 

0.035 

1.2 

0.004 

i;     f  i  ■ 

0.0005 

3  * 

1.42 

24 

290 

400 

0.013 

0.05« 

' 

0.015 

0.031 

•0.004 

4  * 

5 

34 

275 

420 

0.009 

0.075 

0.3 

0.005 

0.04 

i)  rfw, 

H-a 

t 

0.6s 

c 

J 

260 

430 

) .  0  o  - 

0.03 

'i  7 

0.021 

0.044 

:  ,001 

i 

0 ,  3° 

4 

295 

425 

0.008 

0.028 

i 

,■»  iyt*5 

0.012 

. ,  \{\t\^ 

3  * 

Lit 

50 

2f5 

410 

0.013 

0.116 

*>  *> 

0.01! 

0.03a 

0.0033 

4  * 

1.95 

n 

305 

420 

0.011 

0.051 

Nfl 

0.0052 

0.O3E 

0. 0005 

H-55'T> 

1 

0.172 

a 

260 

400 

0.006 

0,029 

1.7 

0.01 

0.046 

0,0015 

L 

0.168 

7 

285 

390 

0.00? 

O.04 

1.4 

0.017 

0.022 

0. 0'*j  1 

3    * 

0.333 

9 

370 

380 

0.013 

0.065 

2.6 

0.009 

0.027 

0.  )04 

4    t 

0.541 

i 

260 

390 

0.007 

0.092 

1.6 

0.016 

0.04 

ft  ftftft*: 

H-4^T> 

1 

0.132 

5 

300 

450 

0.0! 

0.024 

1.2 

0 . 0045 

0.038 

0,001 

2 

0. 129 

9 

302 

440 

0.01 

0.035 

1.2 

0.013 

0.022 

3.001! 

3  * 

0.5 

146 

270 

400 

0.014 

0.217 

3.4 

0.013 

fl     :,?5 

9.9052 

4  * 

6.27 

24 

278 

435 

0.019 

0.047 

0.4 

0.0082 

0.043 

E-8 

1 

0.459 

1 

360 

565 

0.006 

0.012 

8.7 

0.0085 

0.052 

0.0005 

n 

0.453 

<1 

350 

560 

0.004 

0.031 

1.2 

0.003 

0.052 

0.00! 

3  « 

1.75 

96 

330 

400 

0.015 

0,112 

1.4 

0. 02 

0.053 

0,0025 

4  * 

1.04 

25 

328 

530 

0.006 

0.058 

0.6 

0.005 

0.044 

,;  0,0005 

E-7'T> 

1 

0.074 

8 

535 

0.007 

0.01 

0.7 

0.016 

0.044 

0.00! 

*} 

0.072 

3 

330 

520 

0.006 

0.018 

1 

0.00* 

0.042 

0.0005 

3  ♦ 

0.707 

560 

290 

440 

0.043 

0.106 

1.3 

0,051 

0.12 

0.)!T 

4  ♦ 

0.103 

53 

400 

600 

0.011 

0.078 

0.2 

0.013 

0.044 

0.0015 

UPPER  HUHBER  RIVEP  STUDY 

CHEMICAL  DATA  -  DRV  EVENT  I  -August  27-29  t  Septsiber  *,1984! 

(asterisks  indicate  wet  weather  Says,;1 


STATION 

DAY 

a 

T:S 

TDS 

CONS 

OP 

TP 

BOD 

Li! 

-: 

Ci 

'CIS! 

(if  All 

'.ag/lf 

1  mhos 

»«q.;U 

(•g/1) 

!tg/l! 

Esg/1) 

'.13/!! 

'  90 .'  1 ) 
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E-a 

1 

O.OB 

12 

350 

540 

0.006 

0.029 

1 

0.02s 

0.043 

0.00! 

n 

0.083 

15 

330 

520 

0.007 

0.031 

1 

0.004 

0  ■  0  4  2 

0.001 

3  * 

0.286 

113 

290 

420 

0.014 

0.061 

1.3 

0.014 

0.072 

0.002 

*  * 

0.371 

37 

325 

400 

0.009 

0.043 

0.4 

0.007 

0.04 

i'i     n,'hj5 

H 

1 

0.074 

4 

370 

570 

0.009 

0.012 

1.3 

0.017 

0,04* 

0,  00! 

4 

0.072 

4 

350 

536 

0.009 

0.033 

1.4 

0.0055 

0 .  07 

.  11  (Wig 

3  * 

0.353 

90 

310 

470 

0.022 

NA 

0.7 

0.014 

0.0025 

4  ♦ 

9.218 

1? 

380 

too 

0.021 

0.057 

y  a 

;.  ft  14 

0.04 

J.  001 

E-2 

1 

HA 

7 

480 

m 

0.016 

0.03 

1.5 

0.006 

0.0*4 

la 

Nh 

* 

410 

620 

0.014 

0.029 

1.4 

0.00: 

0.038 

,'i   ftj)iW 

3  ♦ 

Nfi 

?7f> 

245 

380 

0.072 

0.096 

!.q 

0.023 

0.00*5 

4  * 

NA 

34 

345 

635 

0.03 

0.041 

1.2 

o.on 

,\  r.i"* 

0.00! 

i4— 6 

1 

0.09 

17 

270 

470 

0.01 

0.032 

0«  7 

0.00°5 

0.  ;12 

0.    ■■:!• 

t. 

0.08 

25 

285 

455 

0.011 

0.072 

i 

0.0045 

0.  ['34 

1.  ;..vs; 

3  * 

0 . !  1 

260 

318 

450 

0.04 

0.25 

1.3 

0.023 

0.947 

...  i  it? 

4  * 

0. 324 

?1 

410 

640 

0.014 

0,0s? 

1.2 

0.0075 

0.047 

..■,«'.- 

W-5-T'i 

1 

0.025 

I 

W 

190 

O.OO7 

0 . 0 1 

1.2 

0.01! 

0.  '^Z 

;.  t  i)fii 

i 

0.023 

2 

290 

475 

0.009 

0.025 

I 

0,01! 

0.03* 

O.J015 

3  * 

0.194 

400 

210 

310 

0.107 

0.3b 

■>  ^ 

0.058 

0.054 

0.016 

4  * 

0.11 

14 

370 

560 

0.024 

0.065 

t.4 

0.0055 

•.044 

! .  '"■; 

B-tO'T! 

1 

0.03 

t 
j 

280 

0.015 

0.015 

0.9 

0.065 

0.033 

...  c 

2 

0.02? 

4 

715 

490 

0.018 

0.042 

i«2 

0.0085 

0.032 

r,    ,Wt 

3  * 

0,lfe7 

205 

270 

370 

0.073 

0.24 

n    -7 

.  ■■  v  i  *! 

0.033 

1';    ,V;..C, 

4  ♦ 

0.188 

8 

350 

520 

0.042' 

0.08 

1 1     2, 

0.014 

0 .  07S 

'0.0005 

H-15 

1 

(I 

1! 

215 

425 

0.014 

0.014 

L.i 

0.004 

0.076 

0.0C05 

2 

0 

3 

295 

430 

0.016 

0.054 

1.7 

0.0075 

0.024 

0.015 

3  t 

0.012 

i: 

230 

410 

0.014 

0.021 

1.6 

0 .  022 

0.025 

'•,0005 

4  * 

0.023 

4 

290 

448 

0.009 

0.039 

0,2 

0.018 

0.05 

' .  )£ : 

UPPER  HUKBER  RIVER  STUDV 

«!-"0B!3LGeiCaL  DATA  -  DRV  EVENT  2  (August  27-2=  \  SeptHbtr  »-5,lW4) 

saetefisks  indicate  wet  *eathsr  iaysS 

*+*  VALUES  LISTED  AS  COUNTS- lOOiL  *** 


TATION 

Dfiy 

rL 

iL 

FS 
((KHT) 

<H-E) 

FS 

!K-F3  1 

KF 

Starch*-' 

*M 

. 

F_«*._W 

^_«« 

. 

...... 





'"{-V 

( 

220 

140 

56 

76 

48 

0 

3 

; 

7  30 

610 

800 

290 

192 

•5  7 

3  * 

'000 

4000 

9300 

12500 

9900 

0 

400 

4  * 

410(1 

2700 

730 

490 

270 

10 

36 

5 

340 

290 

154 

130 

128 

0 

10 

H-13 

1 

250 

180 

104 

5c 

48 

fl 

f": 

; 

820 

6iC 

728 

36B 

114 

0 

H 

3  * 

4000 

3400 

4200 

10600 

5500 

o 

104 

4  * 

3200 

1900 

520 

230 

216 

4 

38 

e 

480 

340 

156 

170 

46 

o 

13 

H-t? 

1 

L  *''-.' 

210 

92 

44 

24 

o 

4 

2 

aO 

40 

44 

64 

33 

0 

i) 

3  * 

11700 

10900 

17600 

25300 

27000 

i\ 

340 

4  * 

1300 

900 

500 

390 

220 

4 

IB 

5 

500 

500 

754 

240 

108 

0 

7 

H-lt 

1 

270 

190 

176 

112 

96 

0 

3 

290 

290 

104 

240 

76 

o 

4 

3  * 

16300 

14900 

14700 

18800 

24000 

0 

1 6D0 

4  « 

1350 

1130 

620 

500 

270 

10 

10 

e 

370 

330 

152 

170 

144 

3 

2 

H-HMTl 

[ 

90 

40 

124 

140 

T7 

o 

0 

^ 

ISO 

100 

192 

560 

114 

o 

i 
( 

3  t 

5300 

5000 

4000 

9800 

12000 

o 

k 

4  * 

70 

70 

290 

440 

104 

4 

1 

5 

30 

30 

88 

160 

92 

5 

0 

M 

1 

130 

40 

216 

192 

108 

0 

4 

- 

300 

300 

740 

380 

172 

0 

9 

3  * 

4400 

4100 

2320 

5800 

5500 

o 

24 

4  * 

1200 

1000 

770 

410 

270 

20 

c 

J 

260 

230 

138 

370 

138 

16 

t 

H-i 

I 

170 

100 

72 

590 

32 

0 

0 

-1 

190 

190 

140 

360 

104 

0 

t) 

3  * 

1800 

1800 

2340 

2700 

3000 

o 

n 

4  * 

420 

350 

530 

480 

190 

10 

i 

C 

220 

VJ0 

96 

250 

32 

o 

0 

H-4 

1 

140 

70 

i  00 

240 

130 

o 

a 

l'O 

160 

158 

980 

100 

1 

0 

3  * 

2400 

2100 

1300 

2400 

4400 

o 

:- 

4  * 

840 

730 

670 

570 

280 

30 

o 

c 

J 

220 

210 

136 

124 

94 

o 

i 

M-55(Ti 

1 

100 

100 

lb 

20 

112 

0 

0 

*> 

76 

it 

41 

14 

120 

0 

')' 

3  * 

300 

300 

30 

40 

92 

0 

0 

J  * 

250 

160 

400 

330 

160 

o 

1 

C 

250 

210 

160 

112 

56 

o 

0 

UPPER  HUHBEF  R 1 V ER  STUDY 

MICROBIOLOGICAL  DATA  -  DRV  EVENT  2   August  27-29  I  Sspteitber  4-5,  !Q54- 

(asterisks  indicate  wet  mther  days) 

♦♦+  VALUES  LISTED  AS  COUNTS/ lOOaL  *** 


STATION 

DAY 

FC 

EC 

FS 
NHENT) 

FS 
UK  J 

FS 
iK-F'  1 

KF 
starch*' 

PA 

— -- 



■».■-*————   * 

„    ,|.|„ 



. - 



"~~~i«2 

™14S0 

1530 

430 

1010 

710 

.  -3 

0 

A 

2 

5900 

5300 

2800 

2200 

408 

-•-. 

- « 

3  * 

4300 

3700 

3300 

6100 

4000 

o 

2 

4  * 

14600 

12500 

1100 

630 

1010 

50 

i) 

5 

3100 

2500 

930 

490 

440 

-,-! 

0 

H-20 

1 

160 

90 

1170 

3300 

3400 

0 

0 

2 

230 

210 

3400 

3500 

580 

10 

n 

3  * 

2900 

2830 

3300 

6700 

7&00 

0 

1 

4  i 

290 

280 

3000 

570 

720 

10 

2 

5 

130 

130 

7020 

470 

I??. 

"1 

.) 

E-a 

1 

430 

370 

276 

7*0 

284 

o 

a 

o 

1070 

?30 

2000 

1370 

960 

4 

12 

3  * 

1100 

1100 

2960 

=600 

8500 

0 

32 

4  * 

4500 

4100 

310 

163 

134 

i) 

4 

5 

900 

900 

302 

204 

108 

12 

i 

E-9 

1 

140 

120 

60 

103 

60 

0 

0 

n 

40 

40 

120 

2700 

50 

0 

o 

3  * 

3300 

3400 

11900 

12200 

10600 

o 

40 

4  * 

170 

120 

240 

112 

112 

o 

4 

5 

130 

120 

36 

148 

54 

Q 

3 

E-6 

1 

110 

30 

196 

104 

132 

Q 

o 

i 

40 

40 

260 

284 

228 

4 

1 

3  * 

2  J  00 

im 

17600 

3100 

16600 

o 

a 

4  * 

190 

160 

244 

92 

136 

4 

0 

5 

430 

340 

156 

192 

90 

0 

*i 

M 

1 

320 

230 

180 

it? 

220 

0 

0 

j 

140 

120 

1600 

2600 

880 

A 

0 

3  * 

6400 

6300 

12100 

21500 

•300 

o 

ill 

4  « 

820 

560 

400 

156 

238 

24 

4 

5 

270 

240 

241 

252 

212 

32 

9 

E-2 

1 

240 

190 

200 

112 

176 

0 

0 

2 

190 

190 

470 

716 

276 

0 

0 

3  * 

23500 

23200 

29900 

32600 

70000 

0 

410 

4  * 

3100 

1500 

t/10 

sSQ 

i  '7,;. 

20 

1: 

5 

510 

230 

500 

1400 

580 

W 

3 

H-6 

t 

130 

100 

60 

68 

80 

0 

0 

2 

160 

170 

720 

690 

668 

40 

1 

3  * 

9600 

8900 

22000 

21100 

19800 

0 

490 

4  ♦ 

700 

470 

570 

690 

340 

10 

B 

5 

1000 

900 

324 

310 

162 

0 

^ 

W(T1 

[ 

320 

310 

328 

156 

144 

o 

0 

*> 

400 

400 

530 

456 

476 

0 

5 

3  ♦ 

16300 

15200 

70000 

34200 

41000 

o 

ia0 

4  * 

970 

890 

?to 

320 

310 

0 

3 

5 

1100 

:  ooo 

276 

280 

223 

4 

■j 

•JPFEP  HUMBEF  D!VER  STUD' 

MICROBIOLOGICAL  DATA  -  DRY  EYENT  2     'August  27-29  4  Septe*6er  4-5,1984) 

Inttriskf  indicate  *et  weather  days* 

H*    VALUES  LISTED  A3  COUNTS/ IOOisL    *♦* 


STATION 

DAY 

FC 

EC 

FS 

(H-ani 

FS 

FS 
SK-F) 

KF 
(Starcht* 

PA 

JH(MT! 

I 

"""55 

570 

520 

1090 

"""IS* 

0 

2 

^ 

270 

270 

280 

280 

240 

Q 

3  * 

i  3  600 

13300 

23000 

36600 

37000 

0 

300 

4  « 

1040 

990 

1030 

390 

sQQ 

10 

IB 

5 

600 

500 

376 

lit 

258 

6 

0 

H-3 

1 

60 

50 

124 

74 

124 

.'( 

n 

i 

120 

100 

1200 

1280 

1360 

0 

0 

3  * 

13000 

11700 

38600 

32700 

30OO0 

o 

2<?00 

4% 

1200 

940 

860 

380 

450 

20 

to 

5 

1500 

1300 

360 

592 

192 

t) 

1 

H-2 

1 

ieoo 

1770 

3200 

4100 

3000 

o 

0 

■j 

1520 

1510 

2400 

3000 

2600 

400 

0 

3  * 

10500 

9500 

11400 

21500 

5800 

9 

50 

4  I 

650 

560 

500 

228 

?Q? 

56 

k 

5 

1200 

1200 

498 

532 

41E 

0 

1 

DRY    EVENT    3 


'JPCER  HUMSES  RIVER  :7:JD'< 

CHEMICAL  DATA  -  DRV  EVENT  3  'December  10-12, l?B4i 


STATION 

DAY 

n 

T33 

TDS 

CON!) 

0? 

TF 

30D 

L'i 

:: 

,"  s 

(cas! 

•iag/1 ) 

'sg/l.1 

■usf'oe 

Itf/i) 

•sq/! ' 

iwj/1) 

iSO/P 

■id/;  ! 

\m:l': 









'ca2! 









*" 

H-17 

1 

T    *9 

10.52 

7:4 

=05 

0.0045 

0.015 

0.59 

0.002 

fo.oo; 

'.,'.■ ; .  i 

2 

*.■  ^ 

10.59 

400 

430 

0.0065 

0.016 

1.08 

0.002 

(0.003 

."',         '  ,'.  l\  " 

3 

'.32 

9.756 

340 

605 

0.005 

0.021 

1.75 

0.001 

■  0 . 007 

0.0032 

H-15 

I 

1.64 

26.14 

330 

540 

0.007 

0.034 

0.86 

0.002 

(0.003 

.(.■:■(".: 

2 

l.°2 

3.41 

334 

555 

0.0105 

0 .  026 

1.24 

0.003 

•  0.003 

•ft,  fWVQ2 

ij 

1.73 

14.47 

318 

530 

0.009 

0.033 

0.93 

0.001 

< 0.007 

;  0.0002 

H-14 

1 

1.77 

40.72 

736 

542 

0.0135 

0.052 

0.92 

0.003 

0.003 

0. 0002 

2 

!.?: 

10,34 

344 

555 

0.016 

0.031 

1.27 

0.002 

0.007 

3. *M2 

- 

1.79 

2s.  5s 

313 

542 

0.0195 

0.053 

1.46 

a  (w? 

0.003 

V.  ■.■v'3-2 

H-!i 

1 

2.  OS 

11.73 

540 

0.012 

0.024 

0.41 

0.002 

(0.003 

0.0002 

2.26 

B.52 

352 

545 

0.0135 

0.024 

1.0° 

0.002 

<0.003 

.    ft,  .,ll':,'i2 

T 

1.11 

9.252 

T2? 

535 

■'  .  0  1 

':■.  324 

1.17 

0.002 

:  Q ,003 

>w 

H-IO(T) 

1 

0.253 

3.592 

296 

515 

0.008 

0.009 

0.41 

0.001 

■■0.007 

, 

2 

0.302 

3.092 

370 

515 

0.008 

0.009 

0.7? 

(i.OOl 

■0.007 

.  i  ■„,,■ ~ 

j 

0.305 

4.063 

316 

520 

0.00? 

0 .  0 1 6 

0.g2 

0.301 

0,003 

'. ,  0002 

H-1? 

1 

i.: 

4.352 

324 

562 

0.04 

0.05 

0.72 

0.001 

•  0. 307 

.  a,0O02 

2 

1.17 

7.>s4 

364 

565 

0.036 

0.04? 

1.2! 

0.002 

■  ft, 507 

,  ■;.    .-_ 

9 
J 

1.35 

3.264 

318 

540 

<•      *  n  ^ 

0.045 

1.47 

0.001 

(0.007 

0.(002 

H-T5 

1 

1.73 

14.27 

306 

510 

0.004 

0.022 

0.74 

0.003 

0 .  003 

2 

1.S3 

7,523 

323 

515 

0.005 

0.015 

1.28 

0 .  002 

:.':■:: 

(■ ,  0O02 

r 

1.79 

IS. 13 

306 

505 

0.001 

0.037 

1,07 

0.002 

'0.007 

■3.0002 

H-8 

1 

1.1? 

5  too 

314 

515 

0.0045 

0.012 

0.68 

0.001 

'.0.007 

. 0.0002 

2 

1.25 

2.4?2 

334 

515 

0 .  004 

0.013 

1.48 

0.001 

'(•.007 

ft-,  0002 

j 

1.32 

2.464 

306 

515 

0.004 

0.014 

1.07 

5.001 

.0.007 

0.0002 

H-55-.T! 

I 

0.2B 

2.372 

316 

505 

0.0055 

0.013 

1.01 

0.002 

'0.007 

.■  ,••■■  .-,,',  ft? 

i 

0.2°7 

2.62 

346 

510 

0.005 

0.011 

1.43 

0.001 

(0.003 

i\  "3  002 

2 

0.316 

2.e24 

310 

515 

0.0055 

0.01" 

1.04 

0.003 

•'0,007 

'■.        ;.i'- 

«-4(T) 

1 

0.  ?77 

3.176 

306 

505 

0.0055 

0.01 

1.2 

0.002 

■0.307 

'  0.0002 

0.244 

2,108 

iii 

510 

0.005 

0.007 

1 .  09 

0.002 

'.0,007 

0, 0002 

3 

0.26s 

2.371 

703 

510 

0.005 

0.015 

0.57 

0.001 

■'.0.007 

'0.3002 

1-1 

1 

0.383 

4.316 

420 

?55 

0.003 

0.004 

O.i 

0.002 

0 .  '.'('7 

•(0.0002 

h 

! 

5.34 

452 

735 

0.003 

0.005 

1.4 

0.002 

-.0.003 

'.0.0002 

j 

0.974 

5.236 

416 

730 

0.0O2 

0.012 

1.51 

0.002 

(0,003 

' 0 . 0002 

E-7(T) 

1 

0.099 

3.348 

378 

470 

0.002 

0.002 

0.37 

0.002 

(0.003 

■0.0002 

2 

0.101 

5.349 

406 

685 

0.0025 

0.006 

1.86 

0.002 

■0.003 

■0,0002 

3 

0.109 

4.809 

394 

700 

0.0025 

0.007 

0.81 

0.001 

(0.007 

(0.0002 

E-4 

1 

0.356 

i.'JZ 

424 

745 

0.004 

0 .  00? 

0.62 

0,001 

-  0. 007 

,i"i  ffntv 

- 

0.55i 

4.4=2 

444 

7 10 

0.0045 

0.003 

3.91 

0.002 

0 .  ('03 

0.0002 

- 

0.364 

3.904 

414 

"20 

0.003 

0.013 

1.21 

0.002 

'3.007 

ft,  >0'31 

E-4 

1 

0.26 

3.644 

412 

701 

0.0085 

0.015 

0.61 

0.002 

(0.003 

(0.6002 

*1 

0.26B 

2.136 

442 

700 

0.008 

0.014 

1.11 

0 .  002 

■'  0 .  303 

■'  0 .  0002 

J 

0.268 

2. '16 

424 

725 

0.008 

0.018 

1.3 

0.002 

(0.003 

■0.0002 

E-2 

I 

m 

6.156 

456 

801 

0.0125 

0.027 

0.83 

0.002 

'0.003 

•  0.  '3002 

m 

4.944 

492 

807 

0.0245 

0.033 

1.05 

0,003 

(0.003 

'3.0002 

■J* 

M 

5.48 

450 

770 

0.015 

0.036 

1.2? 

0.002 

.0.007 

; 0.0002 

H 

i 

0.231 

3.576 

45B 

775 

0.0025 

0.004 

1.07 

m 

MA 

m 

-j 

0.284 

5.016 

47B 

770 

0.003 

0.013 

2.04 

0.003 

'0.003 

i.0.0002 

/j 

0.257 

4.384 

462 

^75 

0.003 

0.01 1 

1.0? 

0.003 

0 ,  005 

0.0002 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


UPPER  HUMBER  RIVER  STUDY 

CHEMICAL 

5  AT  A  - 

DRV  EVENT 

T  'Decest 

er  10-12 

,1<5B4» 

STATION 

DAY 

Q 

TSS 

TDS 

CONE 

Of 

TP 

SQD 

Cu 

Pb 

td 

(cts) 

lag/ I) 

■f/1) 

(u»hos 

(■g/l> 

•»g/l ) 

lag/l! 

iig/1) 

!*g/li 

!»g/l! 











''cb2! 











H-5IT) 

1 

0.087 

1,74 

386 

640 

0.002 

0.006 

0.33 

0.004 

-'.  0. 003 

'_ 

5 

0.0? 

1.7S3 

400 

637 

0.0025 

0.007 

1.4? 

0.002 

( fl 

003 

■',  0 

0002 

3 

0.093 

1.624 

336 

630 

0.002 

0.009 

1.1s 

0.003 

g 

006 

■  ft 

0002 

U-lOtT) 

t 

0.1  ?6 

3.713 

364 

5?0 

0.003 

0. 006 

1.32 

0.002 

(0 

003 

<0 

0002 

9 

0.204 

2.023 

314 

600 

0.0035 

0.014 

3.7 

0.002 

<0 

003 

o 

0002 

3 

a  *  *%  i^ 

3.764 

tin 

605 

0.0025 

0.017 

?  22 

0.002 

■  ; 

003 

■' 

H3 

1 

0.01' 

3,?72 

510 

795 

0.007 

0.015 

0.69 

0.003 

;. 

007 

0  ': '.  I 

n 

0,022 

3.42S 

526 

300 

O.OOi 

0.01? 

1.5 

0.003 

0 

003 

*0 

0002 

j 

0.025 

3.676 

47S 

760 

O.OOt 

0.015 

1.14 

0.003 

i) 

004 

-'  l"l 

yppcp  uijflBE?  B1VE8  :TUDV 

iICrOBIQLDSICAL  DATA  -  DF;V  EVENT  3     '.Decsabsr  10-13. 19B-*1 
asterisks  indicate  net  weather  davii 


**♦    VALUES  LISTED  AS  COUNTS/ 100ml    «« 


STATION 

DAY 

FC 

EC 

FS 
(M-EMT) 

FS 
(IK) 

IK-F)  (S 

KF 
tarch+' 

PA 



„^^_____ 

..— »— 







"~H-17 

1 

50 

50 

60 

30 

NA 

NA 

<:4 

2 

160 

160 

130 

170 

M 

NA 

<4 

_\ 

7  0 

70 

30 

50 

NA 

NA 

i  7 

i  * 

240 

240 

140 

160 

NA 

NA 

<A 

H-18 

I 

270 

170 

70 

60 

NA 

NA 

■A 

2 

140 

140 

190 

380 

NA 

NA 

3 

330 

360 

40 

!60 

Si 

NA 

7 

i  * 

30 

30 

40 

ISO 

NA 

NA 

•■4 

H-19 

i 

w 

60 

50 

60 

NA 

NA 

C4 

2 

30 

30 

40 

20 

NA 

NA 

-4 

3 

!■) 

10 

10 

10 

NA 

NA 

/  *J 

4  * 

60 

60 

60 

220 

NA 

NA 

<A 

H-I! 

1 

190 

ISO 

120 

20 

NA 

HA 

<4 

i 

j(. 

30 

10 

50 

NA 

NA 

-'  4 

3 

ISO 

130 

40 

90 

NA 

NA 

■  *} 

4  t 

1600 

1400 

2000 

1200 

NA 

NA 

•10 

H- 1 0  <  T  > 

1 

SO 

60 

20 

10 

NA 

NA 

(4 

9 

30 

30 

20 

20 

NA 

NA 

(4 

3 

40 

40 

50 

10 

NA 

NA 

. 

4  * 

220 

210 

750 

990 

NA 

NA 

<4 

H-9 

1 

I  BO 

130 

120 

70 

NA 

NA 

(4 

"i 

310 

300 

190 

30 

NA 

NA 

<4 

t 

190 

130 

170 

110 

NA 

NA 

(2 

4  * 

1400 

140 

>3000 

2360 

NA 

NA 

4 

H-B 

I 

10 

10 

90 

10 

NA 

NA 

M 

2 

10 

10 

60 

10 

NA 

NA 

<;4 

3 

20 

20 

40 

20 

Nh 

NA 

(*) 

4  « 

1060 

240 

360 

540 

NA 

NA 

i 

H-S 

1 

30 

30 

10 

<10 

NA 

NA 

<4 

2 

50 

50 

10 

20 

MA 

RA 

<4 

3 

50 

50 

30 

40 

NA 
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<2 

4  * 
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320 

270 

390 

NA 

NA 

:4 

H-5SC"1 

! 

30 

30 

30 

40 

NA 

NA 

^4 

2 

■10 

•10 
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NA 

4 

i 

20 

20 

10 

20 

m 

NA 

'2 

4  * 

330 

280 
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350 

NA 

NA 

i 

H-2 
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2300 
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NA 

NA 
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BO 

NA 
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<4 
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NA 
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NA 
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10 

40 
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NA 

NA 

:4 
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20 
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m 

NA 
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30 

30 

30 
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NA 

NA 
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1 10 
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NA 

NA 

<;4 

UPPER  HUMBER  RIVER  STUDY 

HICROBIOL06ICAL  DATA  -  DRV  EVENT  3  'Deceiber  10-13, 1984) 

(asterisks  indicate  wt  weather  days) 


***  VALUE:  LISTED  AS  C0UHT5/ 100*1  *« 


:"ATS0N 

DAY 

FC 

EC 

(R-em 

FS 

m-v. 

FS 

iK-F) 

KF 

Starch*? 

?A 

~l-i 

1 

-f  u  iii 

930 

100 

70 

iti 

NA 

4 

T 

l&O 

130 

310 

290 

m 

NA 

■:i 

7 

1790 

1780 

110 

160 

NA 

HA 

'.2 

4  * 

1610 

1010 

110 
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HA 

NA 

4 

M 

1 

10 

10 

90 

30 

NA 

HA 

A 
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'.10 

( 10 

:0 
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HA 

'.4 

j 

20 

2  £• 

'A 
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HA 

Hi 
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10 

10 

70 

BO 

NA 

HA 

<«. 

E-i 
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NA 
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10 
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NA 

NA 

(4 

y 
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30 
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HA 

HA 
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[ 
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30 
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HA 
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*> 
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NA 
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NA 

4 
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30 
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HA 

HA 

\ 

2 

20 
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40 

NA 

HA 

(4 

J 

20 

20 
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10 

NA 

NA 

■  i 

4  * 
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60 

fffl 

NA 

*A 
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1 

10 
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20 

20 

m 

HA 

H 

': 

<10 
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20 

20 

m 

NA 

(4 

j 

50 

50 

ao 

40 

HA 

HA 

<2 

4  * 

70 

70 
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190 

HA 

HA 

4 
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1 

too 
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130 

NA 

NA 

(4 

2 

30 

30 

70 
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NA 

NA 

4 

■y 

BO 

BO 

40 

110 

.NA 

HA 

'-.i 

4  % 

370 

350 

330 

450 

NA 

MA 

<4 

H 

I 

Zn 

20 

30 

30 

HA 

NA 

4 

-i 

30 

30 

20 

20 

HA 

NA 

<* 

J 

10 

30 

(10 

10 

Nh 

m 

/n 

4  * 

90 

30 
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1 5(i 

HA 

m 

(4 

W-2 

I 

(10 
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10 

10 

HA 

m 

■c4 

2 

20 

(10 

■10 

20 

NA 

NA 

(4 

3 

(19 

(10 

40 

20 

HA 

HA 
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4  * 
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NA 

NA 

:o 

WET    EVENT 


UPPER  HUMBEP.  RMfi  STUDY 

CHEMICAL  DATA  -  WET  EVENT    (Nwei&W  11-11,19841 

fa  "C"  indicates  5  cowssits  laaple' 


STATION    SAMPLE  DATE  TIHE         6           "::        TBS      CSND       OP         TP         300         Su 
NUMBER                                ess       sg  / 1      ig.'l      mhos    ig/1      ■ifl/'l      lf/1        M/l 

C«2 

H-17         1  II  '11  -  3 4  09:53 

2  11/11/84  12:00 

4  11/11 ■34  14:55 
6  11/11/84  18:30 
B  11/11/84  22:25 

3  12/1! ''84  13:40 
10  II  11/84  11:20 

H-13         t  11/11/84  10:15 

3  11/ 1!  '94  13:45 

5  11/11/84  16:55 

6  11/11/84  15:45 
S  11/11/84  22:45 

9  12 '  1 1  -'84  19: 10 

10  13/11/84  11:45 

H-14         s  ll'MI/84  14:20 

9  11.11  B4  la:5- 

S3  11/11/S4  23:50 

14  12/11/14  02:00 

15  12  1 1  34  18:10 
1=  13/12/84  12:30 


H-ll    1  ll'U'34  10:58 

3  11/11-34  14:05 

3  11/11/34  18:35 

8  1111 / 94  22:10 

9  11/11/84  23:40 

10  12/11/84  20:30 
1!  13/11/84  13:55 

SHO(T!   [  11/11/84 

C  12' 11/84 

H-?     1  ll/il/84  11:25 

3  11/11/34  14:15 

4  11/ 11/94  15:50 

5  11/1184  17:25 
7  11/11-84  20:48 
0  ll'!l'B4  23:50 
10  13/11/84  12:00 

H-75    1  11<!1'34  10:15 

2  11/11/84  11:50 

3  U'll/84  13:25 
5  11/11/84  15:30 
a  11  11-34  18:00 

9  11/11/84  22:<5 

10  IT  ll'34  52:23 
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a 
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- 
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0.16 
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0.011 
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! 
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5.19 
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0.01 
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4.7 
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0.16 

/.  X 

7 

0.0125 
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1 
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iff  PER  riliBBEJ*  RIVES  STUDY 

CHEHICAL  DATA  -  MET  EVENT     UtevHtef  lH3,l!t4. 

fs  "C*  indi--t.E  3  .sspcsita  sispls) 


STATION    SAMPLE      GATE  TIME         3  TSE  TDS  CONE-       OF  TP  BOS  Cu  P.  Cd 

NUMBER  t*i  lf/1  uj/1  uatios  ifl/1  ig/1  ao/1  s$/l  «;i  M  ■ 

>CI,2 

H-;           4  li/Li/34  13:33       4.55  350  240  529      0.13  0.35  3  0.0135  0.02-  0.3.55 

■  11/11/84  16:35       4.91  130  240  570  0.155       0.4  2  0,01:  0.02:  (.003: 

10  11/11/34  19:35       4.7'  240  240  520      0.13  0.36  2  0.013  ('.03-  *.•>•>; 

13  11/11/84  22:35       4.45  205  225  520      0.11  0.2:  2  0.02:23  0.031  /.DO  425 

14  12/11/34  01:30       4.04  133  2:0  500      0.09  0.22  2  0.00=  (v:2s  0.002: 

15  1 3  / 1 1  /"  S  4  13:0?        2.02  5  240  520  0.015  0.03  1  0,00:  0.023  L30* 

H-551T)        C  U/li/94       -            -  24  240  510      0.03  0.05  5  0,01*  .,013  .-..C 

10  13/11/34  13:20  0.5S2  2  2:0  520      0.02  0.03  0.5  0,-05  0.01'  /,.:: 
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j- 
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"' ,    )**** 

4 

n/ti/84 

15:05 

1.05 
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A     ft ""'  - 
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£ 
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7 
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9 
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1.2! 
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1 

0 .  00 . 
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10 
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18 
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0. 024 
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1 
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L.04 

53 
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1 

11/11/34 

11:50 

1.13 

;- 
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2 
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4 
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H:50 

1.22 
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320 
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; 

0.0165 
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7 
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1.4 
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.  rut 
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0.1a 

^ 

0.0135 
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".003 

3 

11/11  .'34 

22:55 

1.4 

% 

350 

700 
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0.!7 

2 

0.0045 

),023 

.',  .'Li'.?e 

10 

13/11/84 

13:0! 

5.  £82 

10 
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7  40 

0.06 

0 ,  07 

0.5 
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1 
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4.82 
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4 
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0 .  23 
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t 
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n  (  n^7 

. ';      i  i'j  T 

5 

11/11/84 

l7: 11 

5.93 

133 

720 

ii   .  ■ 

0.36 

■  0 . 5 

0,014 

0,033 

0.0065 

c 

ir  u/84 

18:3? 

i.lS 

1:4 

350 

680 

0.2a 

0,32 

'0.5 

0,01225 

0.0265 

.'i.l'i  ,',_<, 

3 

11/11/84 

22;  4! 

5.3c 

104 

380 

730 

8.24 

0.27 

■0.5 

0.0035 

0.023 

).,M5 

10 

13/11/84 

11:1! 

1.13 

24 

400 

710 

0.11 

0.14 

"i 

0,0055 

0.0!: 

0 ,  003 

UPPER  4UM8ER  RIVE?  "USY 

CHEMICAL  DATA  -  «ET  EVENT     ^ovsifier  11-13,1984) 

!a  "C*  indicates  a  cotposits  saspis: 


I 
I 


STATION  SAMPLE 
NUMBER 


L'hlt 


*!ME 


«q '  I 


IDS 
'so  i  1 


CDND 

mhos 

.<Cl2 


OP 
wj/! 


ir 


BOD 


U 

5  2  *  1 


?b    id 
so.'  1   w/1 


!»-5<T! 


IHO'T) 


11/11/34 
II: 11/84 

11/11.B4 
11/11/94 
11/11/84 
13/11/B4 

11/11/94 
11/11/84 

11/ 11 ''84 
11-11/84 
11/11/94 
13/11/94 


10:57 
12:3? 
15:43 
18:5* 
22:06 
11:20 

11:08 
12:4" 
15:52 
i?:13 
29*44 
11:2? 


0 


38. 

554 
0.533 
0.515 
0.495 


u.e/o 

0.781 
0.77 


134 
:': 
:S 
40 
34 
b 

too 

-i 

41 
40 
34 


290 
300 
300 
310 

380 

290 
290 
2?0 
340 
330 


620 
510 

a  50 
650 
a70 
680 

600 

m 

a  40 
700 
6  90 
630 


0 . 1 9 
0.17 
0  2"' 

0.2! 
0.19 
0 .  03 

0.15 
0.L2 
0. 1 
0.03 
0.03 


o 

ft 

o 

ft  &T« 


0, 13 

■.:05 

i  ,1(10 


0.011 
0.0142 
0 . 0095 

II       illih 


n.024 

0.02: 

0.07 

0,  >24 


0,02: 
0 .  023 
0.02: 
ft  „  ft"  - 


0.00 

■!.M  ■■'' 


11/11/84  10:12  1.109  82  330 

11.11/34  13:30  1.243  32  380 

1 1/11  "34  21:20  1.094  U;  360 

13/11/94  10:45  0.214  IE  390 


760  0.15  0.2 

"0  0.16  0.1S 

530  0,3  0,3! 

m  o.i4  o.i' 


5  0.0115 

5  0.0115 

5  0.O095 

2  0.005 


■035 

■;ft?B, 


UPPER  HUHBEE  RIVER  STUIV 

NICROBIOLOBICAL  DATA  -  NET  EVENT  (November  tl-l*,I984i 


«»  VALUES  LISTED  AS  COUNTS/ lOOal  *** 


STATION  SAMPLE 

DATE 

TlilE 

FC 

EC 

FS 

CS 

F= 

>F 

PA 

mm 

1 

tlKUT) 

iA-E) 

iK-Fi  • 

Starch*1 

H-17 

i 

11/11/84 

0"?:55 

3400 

2960 

1000 

NA 

NA 

NA 

30 

i 

11/11/84 

22:25 

2400 

1600 

900 

HA 

m 

NA 

0 

9 

12/11/34 

18:40 

9400 

^200 

3500 

m 

Rfl 

NA 

14 

10 

13/11/84 

11:20 

1400 

1220 

1500 

NA 

"- 

NA 

- 

11 

14/11/34 

12:50 

880 

610 

570 

NA 

NA 

NA 

ft. 

H-!8 

1 

11/11/84 

10:05 

2200 

1100 

1400 

1900 

310 

80 

c-- 

5 

11/11/84 

16:45 

1100 

"20 

720 

1100 

9*4 

**7 

n 

9 

U'll/84 

in,  ?e 

liOO 

1240 

460 

930 

749 

=0 

0 

9 

12/11/S4 

18:57 

1900 

1700 

2300 

14000 

9000 

1700 

n 

10 

13/U.-84 

11:33 

1900 

1500 

1100 

1rH')(\ 

330'} 

2300 

: 

LI 

14/11/8* 

12:45 

450 

440 

450 

620 

2iO 

M 

- 

H-15 

1 

11/11/84 

10:15 

520 

580 

7  40 

1100 

710 

?** 

-■ 

5 

11/11/84 

15:55 

3ijA 

510 

390 

830 

744 

40 

J 

S 

11/11/84 

2~''.  45 

2200 

2060 

zi>') 

1100 

93a 

7* 

0 

? 

12/11/84 

19:10 

1400 

1260 

950 

5000 

4400 

1 300 

\  3 

10 

13/11/84 

11:45 

1300 

1010 

1 200 

3000 

■440 

400 

- 

tl 

14/11/84 

12:30 

90 

80 

190 

160 

40 

'::' 

0 

H-il 

1 

11/11/84 

10:58 

2800 

2580 

1200 

MA 

NA 

.- 

\  u 

s 

11/11/84 

IB:  35 

4  300 

5300 

850 

NA 

NA 

NA 

3 

a 

11/11/84 

23:40 

3500 

7130 

680 

MA 

NA 

NA 

10 

12/11/84 

20:30 

2100 

1800 

2100 

NA 

NA 

W 

12 

11 

13/11/84 

13:55 

490 

440 

470 

NA 

NA 

•if 

(1 

'.: 

14/11/34 

10:55 

170 

140 

140 

NA 

w 

NA 

1 

H-iO<T) 

i 

11/11/94 

11:15 

1100 

1000 

1000 

NA 

NA 

NA 

15 

j 

11/ 11/34 

14:09 

600 

280 

900 

m 

M 

NA 

- 

3 

11/11/84 

23:54 

290 

30 

1000 

NA 

NA 

NA 

3 

10 

13/11/84 

11:45 

2000 

1700 

840 

m 

NA 

NA 

10 

H-9 

1 

11/11/84 

11:25 

3300 

3120  . 

980 

3400 

2600 

24 

j?j 

c 
J 

11/11/3* 

17:25 

3200 

2210 

380 

2300 

2720 

24 

"•> 

7 

11/11/84 

20:*9 

3700 

2780 

940 

2300 

2 1 40 

24 

.  i 

a 

U/tl/84 

23:50 

3500 

3230 

5  ^0 

2900 

2160 

"*  _ 

0 

10 

13/11/84 

12:00 

140 

140 

200 

360 

310 

120 

4 

II 

14/11/84 

12:00 

°0 

80 

80 

240 

150 

10 

.  1 

H-*5 

1 

11/11/94 

10:15 

1400 

1260 

760 

2900 

1200 

*  - 

:: 

5 

11/11/84 

16:30 

7700 

3610 

480 

1600 

1472 

it 

0 

0 

l!'ll;84 

22:^5 

1  BOO 

1520 

730 

!  500 

912 

48 

■3 

10 

13/11/84 

12:25 

280 

230 

130 

4000 

330 

200 

0 

11 

I4<11'94 

12:10 

80 

w 

BO 

1500 

360 

5 

f! 

UPPER  HUMBER  RIVER  STUDY 
MICROBIOLOGICAL  DATA  -  WET  EVENT 


"Novenber  11-14,1984) 


*♦*  VALUES  LISTED  AS  COUNTS/ lOOaL  ♦** 


STATION  SAMPLE 

DATE 

TINE 

FC 

EC 

FS 

FS 

F5 

KF 

PA 

NUNBEF 

(M-ENT) 

(H-EJ 

tK-Fl  i 

Starch*' 

-6      1 

11/11/8* 

10:35 

540 

580 

560 

NA 

Si 

NA 

(i 

5 

11/11/94 

lc:45 

940 

900 

570 

m 

NA 

NA 

■f 

9 

11/11/84 

23:00 

630 

460 

700 

m 

KA 

NA 

i 

10 

13/ 11. ;34 

11:45 

250 

210 

80 

m 

m 

NA 

Z 

1-55  !T>   1 

11/11/34 

10:45 

350 

200 

720 

1200 

530 

52 

0 

4 

11/11/94 

15:19 

360 

170 

580 

1000 

596 

56 

i'i 

7 

11/ 11/84 

20:15 

570 

470 

730 

970 

4!2 

52 

n 

9 

11/11/34 

23:20 

340 

340 

1% 

760 

583 

:0 

10 

13/11/84 

13:20 

110 

80 

130 

160 

60 

i'i 

4 

■-B      1 

11/11/34 

10:50 

3400 

3100 

1500 

m 

HA 

NA 

3d 

3 

11/11/84 

23:15 

1500 

850 

780 

m 

NA 

NA 

3 

5 

12/11/84 

19:30 

4800 

4200 

4100 

m 

NA 

NA 

6 

10 

13/11/34 

12:15 

2300 

2200 

1200 

NA 

NA 

^ 

; 

11 

14/11/84 

12:20 

*w 

4600 

1340 

NA 

HA 

NA 

2 

E-?      1 

U/11/B4 

10:35 

2000 

1960 

1900 

2200 

580 

34 

4 

B 

11/11/84 

23:05 

1000 

7^0 

740 

1500 

1604 

60 

•» 

9 

12/11/84 

19:50 

2300 

2200 

3000 

24000 

17000 

2000 

: 

10 

13/11/84 

12:00 

1250 

1060 

1900 

4900 

5200 

100 

li 

11 

14/11/84 

12:10 

1000 

660 

1200 

2000 

1060 

10 

c 

E-7'T)    1 

11/11/84 

10:43 

2200 

2130 

950 

NA 

NA 

NA 

j2 

5 

11/11/84 

16:45 

7500 

7360 

1700 

NA 

Hh 

NI- 

r 

9 

11/11/94 

23:20 

4600 

6540 

1400 

NA 

NA 

NA 

10 

10 

13/11/84 

13:31 

3400 

2600 

4300 

NA 

NA 

NA 

g 

E-i      1 

11/ 11/84 

10:30 

410 

370 

580 

NA 

NA 

NA 

.  - 

4 

11/11/84 

15:05 

340 

300 

430 

NA 

NA 

NA 

3 

11/11/94 

20:15 

1500 

1380 

610 

NA 

NA 

NA 

4 

? 

11/11/84 

23:10 

2500 

2370 

1100 

NA 

Nh 

NA 

4 

1" 

13/11/84 

13:19 

6500 

4800 

4900 

NA 

NA 

NA 

16 

E-i      1 

11/11/84 

10:15 

1 380 

1300 

910 

NA 

NA 

NA 

14 

4 

11/11/84 

14:50 

3500 

2720 

320 

NA 

MA 

NA 

j 

? 

U/11/B4 

22:55 

5000 

4580 

1200 

NA 

NA 

NA 

5 

10 

13/11/84 

13:01 

4000 

3200 

1900 

NA 

NA 

NA 

2 

E-2      1 

11/11/84 

10:00 

4800 

4570 

1700 

NA 

NA 

Sh 

11 

3 

11/11/84 

13:05 

6000 

5410 

1600 

NA 

MA 

NA 

10 

9 

11/11/84 

22:40 

8000 

7830 

1B00 

NA 

RA 

NA 

- 

10 

13/11/84 

12:50 

2900 

2200 

760 

NA 

NA 

NA 

IG 

UPPER  HUKBER  RIVER  STUDY 

HICROBIOLOBICAL  DATA  -  CT  EVENT  '.November  11-14,1984.) 


*«♦  VALUES  LISTED  AS  COUNTS/ 100*1  *** 


STATION 

SAMPLE  DATE 

T]M£ 

FC 

pr 

'• 

FS 

FS 

« F 

:A 

NUN8H 

) 

(S-E8T! 

IS-EJ 

(K-F> 

Stjrir*1 

*-b 

1 

11/11/84 

10:47 

7700 

7430 

1400 

MA 

NA 

NA 

10 

i 

ll/H'84 

18:39 

300 

:70 

2000 

m 

m 

tin 

it 

q 

U/ll/84 

22:41 

9000 

3340 

2700 

NA 

NA 

NA 

"■ 

10 

13/11/84 

11:11 

19000 

10  too 

11000 

m 

NA 

NS 

"0 

11 

14/11/84 

11*05 

3100 

2000 

2700 

NA 

NA 

M 

i  ; 

«-5(T1 

1 

IJ/1I/S4 

10:57 

3000 

8860 

1700 

HA 

% 

*tt 

i 

3 

11/11/84 

22:06 

17000 

1&7M 

3000 

NA 

m 

»A 

10 

9 

13/11/14 

1 1 :  20 

5000 

**-.■■>  i'i 

3700 

MA 

m 

?IA 

i; 

10 

14/11/84 

11:25 

510 

270 

790 

Hfi 

m 

NA 

'- 

iHom 

1 

11/11/84 

1 1 ;  OS 

8800 

2800 

1400 

'!- 

NA 

NA 

'2 

9 

11/11/84 

22:19 

11000 

9940 

3300 

NA 

NA 

NA 

il 

: 

13/11/84 

11:29 

1300 

1130 

TsO 

NA 

NA 

% 

20 

10 

14/11/84 

11)30 

940 

jOi'l 

•  540 

m 

NA 

NA 

* 

«-! 

1 

11/ 11/84 

10:30 

3900 

3840 

2200 

m 

NA 

NA 

n 

4 

11/11/34 

15:15 

11000 

10680 

2600 

NA 

NA 

NA 

T 

B 

11/ 11/34 

21:32 

19000 

18400 

3400 

NA 

NA 

NA 

'yo 

9 

13/11/84 

11:00 

25000 

14300 

11000 

Kfi 

NA 

NA 

n 

10 

14/11/84 

10:45 

3500 

7400 

6800 

NA 

NA 

NA 

SO 

M-2 

1 

11/11/34 

10:22 

2300 

2230 

1600 

1400 

1500 

60 

20 

3 

11/11/84 

13:39 

3300 

300 

1500 

2200 

2360 

24 

1; 

a 

11/ 11/84 

21:24 

22000 

19300 

2500 

2000 

3400 

16 

■J 

9 

13/11/84 

10:55 

21000 

16000 

14000 

26000 

19500 

2400 

1:0 

10 

14/11/84 

10:35 

4100 

4000 

1600 

8600 

6800 

10 

45 

I 


I 


APPENDIX  3 
EVENT  SAMPLING  :  CORRELATIONS 


Notes  for  Appendix  3 

The  variables  used  in  the  correlation  analysis  were  the 
concentrations  of  the  chemical  parameters  and  corresponding 
instantaneous  discharge  values. 


Abbreviation  Variable 

Q  instantaneous  discharge 

TSS  total  suspended  solids 

TDS  total  dissolved  solids 

COND  conductivity 

OP  orthophosphate 

TP  total  phosphorus 

BOD  biochemical  oxygen  demand 

Cu  copper 

Pb  lead 

Cd  cadmium 


A  "-"  before  a  variable  indicates  that  the  stated  correlation 
is  negative. 


Event  Sampling  :  Significant  (p<0.05)  Correlations 


Station 


Dry  Events 


Wet  Event 


H-17 


H-15 


H-14 


H-11 


Q  x  TDS 

x  COND 

TSS  x  Cu 

x  Pb 

TDS  x  COND 

x  -Pb 

OP  x  -BOD 

TP  x  Cu 


Q 

X 

-TP 

TSS 

X 
X 
X 

x 

-TDS 
-COND 
TP 
Pb 

TDS 

X 
X 
X 

COND 

-TP 

-Pb 

TP 

X 
X 

Cu 
Pb 

Cu 

X 

Pb 

Q 

X 

x 

TDS 
-Pb 

TDS 

X 

-Pb 

COND 

X 

-Cu 

OP 

X 

-BOD 

Q 

X 

TDS 

TSS 

X 
X 

X 

X 

-COND 
TP 

Cu 
Pb 

TDS 

X 
X 
X 

COND 

-TP 

-Pb 

COND 

X 
X 
X 

-TP 
-Cu 
-Pb 

TSS 

x 

OP 

X 

TP 

X 

Cu 

X 

Pb 

X 

Cd 

OP 

X 

TP 

X 

Cu 

X 

Pb 

TP 

X 

Cu 

X 

Pb 

X 

Cd 

Cu 

X 

Pb 
Cd 

Pb 

X 

Cd 

Q 

X 

TSS 

X 

OP 

X 

TP 

TSS 

X 

OP 

X 

TP 

TDS 

x 

-BOD 

OP 

X 

BOD 

TP 

X 

BOD 

Pb 

x 

Cd 

Q 

X 

TP 

TSS 

X 

TP 

Cu 

X 

Cd 

Q 

X 

TSS 

X 

OP 

X 

TP 

X 

BOD 

X 

Cd 

TSS 

X 

OP 

X 

TP 

X 

BOD 

X 

Cd 

OP 

X 

TP 

X 

Cd 

I 


Event  Sampling  :  Significant  (p<0.05)  Correlations 


Station       Dry  Events  Wet  Event 


H-11  TP  x  Pb  TP  x  BOD 

x  Cd 

BOD  x  Cd 

H-10(T)  Q  x  COND        Composite  samples  taken  - 

no  correlations  available 


H-75 


Q 

X 

X 

COND 
-Pb 

TSS 

X 
X 

TP 
Cu 

TDS 

X 

-Pb 

COND 

X 
X 
X 

-OP 
-Cu 
-Pb 

OP 

X 
X 

X 

TP 
Cu 
Pb 

TP 

X 

Cu 

Q 

X 

-Cu 

TSS 

X 
X 
X 
X 

-TDS 
-COND 
Cu 
Pb 

TDS 

X 

-Pb 

TP 

X 

Cu 

Cu 

X 

Pb 

Q 

X 

COND 

COND 

X 

-Pb 

OP 

X 

Cu 

Cu 

X 

Pb 

H-9  Q  x  -Cu  Q  x  TSS 

x  OP 

x  TP 

TSS  x  OP 

x  TP 

OP  x  TP 


H-6  Q  x  TDS 

x  COND 

x  -Pb 

TSS  x  -COND 

x  TP 


Q 

X 
X 

-TDS 
-COND 

TSS 

X 

x 

X 

OP 
TP 

Pb 

TDS 

X 

COND 

OP 

X 
X 

TP 
Pb 

BOD 

X 

Cu 

Cu 

X 

Cd 

Q 

X 
X 

OP 
TP 

TSS 

X 
X 

OP 
TP 

OP 

X 

TP 

I 


I 
I 
I 


Event  Sampling  :  Significant  (p<0.05)  Correlations 


Station 


Dry  Events 


Wet  Event 


H-6 


H-55(T) 


H-4(T) 


I 
I 
I 


E-8 


TSS 

TDS 

COND 

OP 

TP 
Cu 


TSS 


TDS 


COND 


OP 


TSS 
COND 


Cu 
Pb 

COND 
-Pb 

-TP 

-Pb 

TP 
Cu 

Cu 

Pb 

COND 

-OP 

-TP 

-TDS 
OP 
TP 
Pb 

-OP 

-Pb 

-TP 
-Cu 
-Pb 

TP 
Cu 


Cu  x  Cd 


Cu  x  Pb 

Q  x  COND 

x  -OP 

x  -Pb 


TDS 

OP 
TP 

Cu 
Pb 


OP  x  TP 

x  Cu 

x  Pb 

TP  x  Cu 

Q  x  TDS 

x  COND 

x  -Pb 


Composite  samples  taken  - 
no  correlations  available 


Composite  samples  taken  - 
no  correlations  available 


Q  x  TSS 


Event  Sampling  :  Significant  (p<0.05)  Correlations 


Station 

Dry  £ 

ivents 

E-a 

TDS 

X 

X 

COND 
-Pb 

COND 

X 

-Pb 

OP 

X 

X 

TP 
Cu 

TP 

X 

Cu 

E-7(T) 

Q 

X 
X 

COND 
-Cu 

TSS 

X 

X 

OP 
TP 

TDS 

X 
X 

COND 
-Pb 

COND 

X 

-Pb 

OP 

X 
X 

TP 
Cu 

Cu 

X 

Pb 

E-6 

Q 

X 
X 

-Cu 

-Pb 

TSS 

X 
X 

-TDS 
-COND 

TSS 

X 
X 

OP 

TP 

TDS 

X 
X 
X 

COND 

-OP 

-TP 

COND 

X 
X 

-OP 
-TP 

OP 

X 

TP 

Cu 

X 

Pb 

E-4 

TSS 

X 
X 
X 
X 
X 

-TDS 

OP 

TP 

BOD 

Cu 

TDS 

X 

X 

X 

-OP 
-Cu 

-Pb 

Wet  Event 


Composite  samples  taken  - 
no  correlations  available 


Q 

X 

TSS 

X 

OP 

X 

TP 

X 

Pb 

Q 

X 

Cd 

TSS 

X 

OP 

X 

TP 

X 

Pb 

X 

Cd 

OP 

X 

TP 

X 

Pb 

X 

Cd 

TP 

X 

Pb 

X 

Cd 

Pb 

X 

Cd 

TSS 

X 

TP 

OP 

X 

TP 

I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Event  Sampling  :  Significant  (p<0.05)  Correlations 


Station 


E-4 


E-2 


W-6 


W-5(T) 


Dry  Events 


COND 

X 

-Pb 

OP 

X 
X 

X 

TP 

BOD 

Cu 

TP 

X 

BOD 

Cu 

X 

Pb 

TSS 

X 

X 

OP 
TP 

TDS 

X 

COND 

COND 

X 

-Cu 

OP 

X 

TP 

BOD 

X 
K 

Cu 

Pb 

Cu 

X 

Pb 

Q 

X 
X 

TDS 
-Pb 

TSS 

X 
X 

X 

-COND 

OP 

TP 

COND 

X 
X 
X 
X 

-OP 
-TP 
BOD 
-Cu 

OP 

X 
X 

X 

TP 

-BOD 

Cu 

BOD 

X 

-Cu 

Q 

X 

X 
X 
X 
X 

X 

-TSS 

COND 

-OP 

-TP 

BOD 

-Cu 

TSS 

X 

X 

-COND 

OP 

TSS 

X 

X 

TP 
-BOD 

TDS 

X 
X 

-Cu 

-Pb 

Wet  Event 


No  samples  taken 


Q 
TSS 

OP 
TP 


BOD 


OP 
TP 
Cu 

TP 
Cu 

Cu 
Pb 


Pb  x  Cd 


TSS 


TSS 

-TDS 
-COND 

-TDS 
-COND 


COND  x  -Cu 


Event  Sampling  :  Significant  (p<0.05)  Correlations 


Station 


Dry  Events 


Wet  Event 


W-5(T) 


W-10(T) 


W-  15 


COND 

X 
X 
X 

-OP 
-TP 
-Cu 

OP 

X 

X 

TP 
Cu 

TP 

X 

Cu 

Q 

X 
X 

COND 
-OP 

TSS 

X 
X 

-COND 
TP 

TDS 

X 
X 

-Cu 
-Pb 

COND 

X 
X 
X 

-OP 
-TP 
BOD 

OP 

X 
X 

TP 
-BOD 

TP 

X 

-BOD 

BOD 

X 

-Cu 

Cu 

X 

Pb 

Q 

X 
X 

-OP 
-Pb 

TDS 

X 

X 

COND 
-Pb 

Q  x  TSS 

x  OP 

x  TP 

TSS  x  OP 

OP  x  TP 


No  significant  correlations 


COND  x  -Cu 


I 


APPENDIX  4 
BED  SEDIMENT  DATA 


I 
I 


UPPER  HUHEfER  RIVER  STUDY 

BED  SEDIMENT  DATA  iSasples  collected  Noveeber  28  -  Decetber  3, 1984> 


*«»  GRAIN  SIZE  -  PERCEHTA6E  COMPOSITION  *** 


STATION     IP     Cu     Pb     Cd     In 

lig/kgl  (ag/tgl  lag/kg)  l«j/kf)  lag/kg) 


CLAY    SILT    VERY    FIHE   MEDIUM   COARSE    VERY  LOSS  ON 
FINE    SAND    SAND    SAND   COARSE  I6NITIDN 

SAND  SAND 


H-17 

62.5 

2C 

20 

■1 

64 

0.3 

1.6 

72.3 

18.7 

3.1 

i) 

0 

4 

H-15 

100 

it 

13 

<1 

SI 

0.2 

1.5 

33.6 

18.2 

16.4 

12 

5.2 

3.4 

H-14 

525 

19 

lb 

•  1 

50 

0.2 

1.4 

77.9 

7.7 

7.8 

0.8 

0 

4 

H-ll 

25 

6 

9.5 

•  1 

30.5 

0.2 

o.a 

46.4 

11 

22.6 

J.J 

1.5 

2.1 

H-IOITI 

150 

14 

13 

■  .1 

52 

0.2 

1.3 

66.2 

15.8 

8.4 

3.4 

0 

4.7 
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trtx  of  Spearaan  Correlation  Coefficients  for  Bed  SedUent  Cheaistry  and  Grain  Size  Results 


Silt  (>0.03  <0.06  mm) 

Very  Fine  Sand  (>0.Q6  <0.13  mm) 

Fine  Sand  (>0.13  <0.25  mm) 

Medium  Sand  (>0.25  <0.50  mm) 

Coarse  Sand  (>0.5Q  <1.00  mm) 

Very  Coarse  Sand  (>1.00  <2.00  mi 

Total  Phosphorus 

Copper 

Lead 

Zinc 

Loss  on  Ignition 


Clay 


Very  Fine        Fine         Medium        Coarse  Very  Coarse      Total 
Silt  Sand  Sand  Sand  Sand         Sand        Phosphorus    Copper 


Lead 


Zinc 


.370 

-.043 

.473 

.107 

-.399 

-.423 

.018 

-.572 

-.830 

-.158 

-.182 

-.810 

i)  -.290 

-.544 

-.743 

-.243 

.043 

.569 

.230 

.480 

.236 

.249 

.663 

.442 

.249 

.527 

.444 

-.123 

-.001 

.296 

326 

084 

.667 

482 

.733 

184 

-.343 

192 

-.370 

341 

-.460 

143 

-.593 

037 

-.410 

593 

497 

-.475 

030 

-.369 

248 

-.540 

392 

-.629 

340 

-.429 

197 

375 

.769 

474 

.660 

556 

.121 

.768 
.026 


.527 


Note: 


With    19  observations  a   correlation  coefficient  of    .456   is   significant   at  p=0.05. 
Cadmium  was   excluded   from  the  correlation   analysis  because   all   values   were   <l  mg/kg. 


APPENDIX  5 
FIELD  INVENTORY  AND 
SOIL  LOSS  MAPPING  DATA 


Area  (ha)  of  High  Overland  Sediment  Delivery  Potential  Within 

Each  Subbasin 


Area  of 

%  of 

Subbasin 

High  Delivery  (ha) 

Subbasin  Area 

H-17 

191 

4 

H-18 

0 

0 

H- 15 

0 

0 

H-19 

97 

14 

H-14 

188 

14 

H-11 

442 

26 

H-9 

34 

5 

H-8 

56 

14 

H-75 

400 

13 

H-10(T) 

1  ,210 

19 

H-6 

116 

7 

H-55(T) 

494 

11 

H-4(T) 

448 

19 

H-2 

283 

8 

H-2Q 

244 

9 

E-8 

7 

1 

E-9 

89 

7 

E-7(T) 

430 

12 

E-6 

1,021 

22 

E-4 

554 

18 

E-2 

399 

6 

W-6 

228 

6 

W-5(T) 

236 

6 

W-10(T) 

95 

4 

W-3 

97 

8 

W-2 

0 

0 

W-15 

207 

6 

Field  Inventory  Results:  Erosive  Area  of  Stream  Bank  and  Livestock  Access 


Subbasin 

Watercourse  Length  (km) 

Erosive  Area  of 
Stream  Bank  (mJ) 

Length  subject  to 
Livestock  Access   (km) 

H-17 

2.40 

1869 

0.00 

H-  18 

2.92 

1681 

0.00 

H-15 

0.60 

101 

0.00 

H-19 

5.88 

16015 

3.90 

H-14 

15.45 

29684 

0.00 

H-11 

10.45 

13042 

2.00 

H-9 

3.40 

827 

0.00 

H-8 

5.20 

3883 

0.00 

H-75 

12.58 

7221 

0.01 

H-6 

8.27 

1590 

0.15 

H-55(T) 

15.05 

6484 

0.50 

H-4(T) 

8.55 

6370 

0.90 

H-2 

5.85 

1987 

0.60 

H-20 

9.55 

452 

0.73 

E-8 

2.95 

2486 

0.00 

E-9 

11  .62 

15978 

0.00 

E-7(T) 

11.90 

15322 

1  .90 

E-6 

17.98 

28482 

2.00 

E-4 

10.40 

14855 

2.80 

E-2 

12.35 

9494 

1  .10 

W-6 

9.70 

17740 

4.85 

W-5(T) 

2.45 

5264 

1  .80 

W-10(T) 

17.99 

3593 

6.75 

W-3 

4.75 

7783 

2.45 

W-2 

2.18 

4028 

0.15 

H-15 

13.10 

14630 

3.35 

Point  Source  Sampling 

A  two-day  antecedent  dry  period  was  allowed  before  water  samples 
were  collected  from  point  sources.  Between  November  7  and  Decem- 
ber 5,  1984,  one  sample  was  collected  from  each  selected  inflow 
and  analysed  by  the  Laboratory  Services  and  Applied  Research 
Branch  of  the  MOE  for  the  following: 


Parameter 


Abbreviation  Used 


Fecal  coliforms  M-TEC 

Escherichia  col i  M-TEC 

Fecal  streptococcus  M-Enterococcus 

Pseudomonas  aeruginosa 

Total  suspended  solids 

Total  dissolved  solids 

Conductivity 

Biochemical  Oxygen  Demand 

Total  phosphorus 

Orthophosphate 

Copper 

Lead 

Cadmium 


FC 

EC 
FS  M-ENT 

PA 

TSS 

TDS 

COND 

BOD 

TP 

OP 

Cu 

Pb 

Cd 


For  each  sample  collected,  a  survey  form  was  completed,  an  example 
of  which  is  included  here.  Most  sampled  inflows  were  labelled 
either  by  spray  painting  them  with  an  identification  number  or  by 
marking  them  with  a  labelled  wooden  stake;  inflows  were  also 
photographed . 


A  total  of  26  samples  were  collected,  three  of  which  were  not 
specifically  inflows.  A  suspected  problem  existed  in  the  vicinity 
of  inflows  H20-L-I01  and  H20-R-I01.  In  addition  to  sampling 
these  point  sources,  instream  water  samples  were  taken  upstream 
and  downstream  of  the  area  because  it  was  suspected  that  general 
contaminant  seepage  might  be  occurring  from  the  stream  banks  at 
this  site.  There  was  a  heavy  concentration  of  spring  sources  in 
one  reach  of  subbasin  W- 1 0 ( T )  .  Rather  than  sample  all  possible 
inflows,  one  instream  water  sample  was  taken  immediately  down- 
stream of  this  area. 


UPPER  HUKBER  RIVER  STUDY  -  DRY  WEATHER  INFLOW  SURVEY 


Identification 


Watercourse 


Date 


Unit 


Time 


Bank  Side 


Investigators 


Inflow  No. 


Sample 


Weather  -  today 


-  yesterday 


Sample  No. 


Submission  No. 


Water  temperature 
Conductivity  


Inflow  Description 


Type 


Label  -  Paint 
Photograph  No. 


Stake 


Flow  rate 


Water  depth 
Water  width 


Comments 


Wtt>.  HUHbEft  RIVER  STUBV 

HjIHI  SOURCE  1HHON  SAItPLIHS    (Hoveaber  7  ■  Decetbtf  3.I9B4I 


CODE         KSCRIPIIOH       BATE         HUE         6IBIH       6CPIH       Fl« 

CI  »  * 


FC 
MOOtl 


EC 

/lOOll 


f  SIN-EM)      PA 
/lOOil      /lOOtl 


HO  I -R- 104 
H02-1-IOI 
H02-R-I4I 
H02-R-102 
H02-R-10! 
H05-1-101 
HO1 -L- 101 
HIO-L-W! 
HtO-MOS 
Hli-P-102 
HIO-IH09 
Hli-F-122 
H20-1-I01 
K2HH01 
H20  above 
K20  be  I  on 
EOI-l-102 
101-1-105 
EOl-t-IOt 
EOI-L-IOT 
E0I-P.-I06 
E04-P.-IOI 
EIO-R-102 
EOS  tilM 
r05-R-102 
A08-R-I02 


store  tetter 
stun  tetter 
ftort  tetter 
store  tetter 
store  tetter 
r'.leinburo,  SIP 
tributary 
store  setter 
store  setter 
boll  Dr.  HP 
store  tetter 
store  setter 
driii  pipe 
drun  pipe 
rivet 
river 

store  tener 
start  sewer 
st or i  setter 
store  setter 
ttore  sever 
star*  setter 
drain  pipe 
river 

drain  pipe 
start  setter 


07/11/84 
07/11/84 
07/11/64 
07/11/14 
07/11/84 
06/ 1 1/84 
Oi/lt/64 
20/ 11/84 
20/1 1. 'B4 
06/ 1 1. '84 
08/11/84 
20 'I  I. '84 
SMI/M 
22/11/84 
22/11/64 
22/11 '64 
20/11/84 
20' 11/84 
20/ II '64 
20/11/64 
20/11/84 
20/11/84 
05/12/84 
22/11/84 
05/12/84 
22/11/84 


Hi  45 

14:32 
15:07 
15:29 
15:44 
11:28 
12:15 
14:50 
15:10 
14:30 
14:56 
15:30 
11:05 
11:30 
11:40 
12:00 
11:00 
11:50 
12i  35 
12:10 
13:30 
14:00 
10:00 
14:10 
10:50 
13:00 


38 
18 
8ft 
M 
20 
17 
130 
17 
16 
43 
'.'8 
25 

n 
2 

n 
u 

45 
45 
10 
65 
32 
15 
17 
HA 
25 
73 


8.S 
<l 
<l 
HA 
<l 
(I 

5 
(1 
CI 

I 

(I 
<l 

s 

■:i 

HA 

HA 

1.5 

2.3 

CI 

a 
i.s 

i 
■> 

H 

2 
14 


HA 


Nh 


15000 

2,M 

31000 

60 

I4« 

(2* 

300 

IW 

200000 

<2» 

100 

3400 

<I0 

<I0 

40 

2100 

210000 

5600 

1100 

1600 

3800 

I  to 

M 

170 

25000 

1B0O0 


15000 

2900 

31000 

60 

140 

(20 

500 

3700 

180000 

•20 

100 

3300 

■10 

•10 

40 

1600 

200000 

5200 

1000 

1500 

3300 

I  BO 

40 

170 

25000 

17000 


24000 

110 

760O 

40 

140 

40 

100 

5200 

18000 

80 

30ti 

3300 

'10 

<I0 

JO 

110 

2100000 

i  m 

27000 

4100 

620 

20 

'20 

60 

16000 

138  WOO 


B 

8 

It 

<4 

<4 

<4 

'4 

4 

'10 

<4 

(1 

a 

•4 

•4 

■4 

4 

772 

120 

<10 

ao 

16 

<4 
10 
<4 

■20 
200 


TSS 

eg/l 


8.112 
0.546 
4.772 
6.452 
20.13 
10.13 

1.26 
37.62 
4.146 
1.904 

1.12 
20.33 
1.476 
1.012 
3.624 
6.012 
6.063 
569.5 
15.04 
15.62 
2.466 
0.724 
7.1 
5.556 
53 
572.3 


T6S 

19  /I 


•1  HA 

HA 
M 

M 

HA 

HA 

MR 

690 

1466.4 

HA 

NA 

1044.4 

294 

251 

326 
324 
764 
186 

1066.5 
928 
902 
908 
416 
402 
330 

2940.5 


com 

uihos 
/Ct2 

1660 

1540 

1009 

1410 

1262 

1630 

660 

979 

2290 

1530 

771 

1420 

480 

440 

550 

351 

1009 

1104 

1470 

1235 

1200 

1330 

700 

622 

623 

6010 


80S 
■9/I 


HA 
HA 
HA 
HA 
HA 
HA 
MA 
4.62 
2.15 
HA 

1.41 
1.66 
0.41 
0.75 
1.01 
3.79 
3.18 
4.56 

NA 
1.06 

NA 
2 

2.73 
3.3 
190 


IP 

tg/1 


O.026 

0.013 

0.031 

0.026 

0.117 

4.8 

0.017 

1.04 

0.07 

0.31 

0.017 

0.015 

0.011 

0.003 

0.015 

0.03 

0.29 

0.693 

0.02 

(0.004 

0.163 

0.37 

0.03 

0.023 

0.86 

2.33 


DP 
t|/l 


0.0173 

0.009 

0.0235 

0.0075 

0.075 

4.59 

0.0093 

0.605 

0.133 

0.26J 

0.012 

0.004 

0.0013 

0.OO45 

0.005 

0.004 

0.22 

0.0345 

(0.002 

(0.002 

0.136 

0.352 

0.04 

0.007 

0.74 

0.076 


in 
19/I 


0.006 
0.005 
0.005 
0.006 
0.006 
0.013 
0.001 
0.006 
0.007 
0.004 
0.003 
0.005 
0.001 
0.001 
0.002 
0.002 
0.005 

0.02 
0.004 
0.005 
0.006 
0.006 

0.16 
0.0O2 

0.01 
0.062 


PI 

eg /I 


0.013 

(0.003 
(0.003 
(0.003 
(0.003 
(0.003 
(0.003 

0.003 

0.013 
(6.M1 
•0.003 

0.0t3 
(O.M 
(O.OvS 
(0.0O3 
(0.003 
(0.003 

0.013 
(0.003 
(0.003 
(0.003 
(0.003 
0.01 

(0.02 
0.19 


U 

tg/l 


'0.0002 
(0.0002 
(0.0002 
(0.0002 
(0.0002 
(0.0002 
(0.0002 
(0.0002 
(0.0002 
(0.0002 
( 0.0002 
(0.0002 
(0.0002 
'0.0002 
(0.0002 
(0.0002 
( 0.OOO2 
(0.0002 
(0.0002 
(0.0002 
(0.0002 
(0.0002 

'0.001 
(0.0002 

(0.005 
0.001 


»  I  -  trickle,  H  -  toderate,  f  -  (est 
ii  Ac.  data  available 


Figure  3.17  Overland  Sediment  Delivery 


AVAILABLE  ON  REQUEST 


Figure  3.20  Locations  of  Point  Source  Inflows 
AVAILABLE  ON  REQUEST 


iiih  iiiii  mil  iiui  uni  uni  urn  iini  urn  im 

*TbT3bDDD0Dfllfl3* 


